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in Liberia' 


During the course of a survey of the 
| blood groups and abnormal hemoglobins 
| of Liberia, we have examined the blood of 
{117 women attending an antenatal clinic 
fat the Lutheran Mission Hospital, Zorzor, 
| Liberia. The clinic was scheduled weekly, 
}and the women were given iron and vita- 
tmin supplements at each attendance, 
} which in some cases was irregular. The 
great majority of these women were in the 
Sth to 9th month of pregnancy; however, 
'a more recent follow-up of these women 
‘by one of us (E.B.) has found that one 
‘Was not pregnant and 4 others were stated 
to have aborted but could possibly not 
| have been pregnant. 

Zorzor is situated in the central interior 
of Liberia about 5 miles from the Guinea 
border. It is in the territory of the Loma 
{tribe, but with the opening up of the 
country in recent years immigrants from 
fother tribes have settled in the area. In 
taddition to the Loma, who constitute the 
majority of our sample of pregnant 
women, two other tribes are represented, 
the Kpelle, who inhabit the country south 
of Zorzor, and the Mandingo, who have 
come into the area as cola nut farmers 
and traders from Guinea to the north. 


METHODS 


Blood was collected in 10 ml “Venules” 
containing oxalate on 4 and 5 June, 1958, 
jpacked in iced thermos jugs, and_air- 
shipped to the Child Research Center, 
Detroit, Michigan, where the abnormal 
hemoglobins and hemoglobin values were 
determined. The blood grouping was done 
at the Department of Human Genetics of 
the University of Michigan on 12 and 13 
June 1958. Red cell antigens are known to 
deteriorate, and during the past two years 
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we have occasionally experienced this in 
blood samples from various parts of the 
world. However, considering the rather 
short interval between collection and test- 
ing, and also the fact that many of the 
results to be reported are consistent with 
our previous findings on these tribes, there 
appears to have been little loss of erythro- 
cytic antigenic properties. 

All typing sera were obtained from com- 
mercial sources, and the methods of test- 
ing were those described by the vendor of 
each particular serum. All tests were per- 
formed in tubes with 2% washed red cell 
suspensions. In order to conserve serum, 
a two-stage screening procedure was used 
for the Rh system. The samples were first 
tested with anti-C and anti-E, and only 
those positive for C were tested further 
with anti-c and anti-C” (no positives for 
this antigen were found on the entire sur- 
vey ), while only those positive for E were 
tested with anti-e. The designation of D* 
was made when a sample failed to react 
with saline anti-D but did react with a 
potent incomplete anti-D in the Coombs 
test. 

RESULTS 

The results, together with a control sam- 
ple for the Kpelle and Loma, are shown on 
table 1. The sample of pregnant women 
from the Kpelle tribe totalled 11 and has 
been included with the Loma sample, since 
on the basis of larger numbers of tests, 
these tribes have not been significantly 
different for any blood group frequency. 
Included under “Others” on table 1 are 


1This study was supported in part by Con- 
tract AT(11-1)-405 with the U. S. Atomic Energy 
Commission. 

2 National Science Foundation Postdoctoral Re- 
search Fellow. 
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TABLE 1 


The blood groups, abnormal hemoglobins, and hemoglobin values of patients attending the clinics | 
of the Lutheran Mission Hospital, Zorzor, Liberia 


Pregnant women Others Control fk 
Kpete: Mandingo Reel’, Mandingo Kpelle-Loma 
Number 100 17 7s api! 
Average hemoglobin 
value (gm % ) 9.91 9.73 12.74 11.65 12°72 
Hemoglobin pattern 
Number with AA 90 12 14 4 513 
Number with AS 8 ts) 3 5 65( 10.9% ) 
Number with AC 1 — — 2 10(1.7% ) 
Number with SF 1 — — — 1(0.2% ) 
Number with AK _- — —_ — 1(0.2% ) 
Number with AN — => —_— — 6(1.0% ) 
Blood groups 
Number with O 46 8 9 3 268 (43.7% ) 
Number with A I) 6 3 4 165( 26.9% ) 
Number with B 24 D) 5 2 144( 23.5% ) 
Number with AB 9 1 2 2 36(5.9% ) 
M 32) 3 4 S 130( 21.2% ) 
MN 37 6 UD) 6 296(48.3% ) 
N 31 8 3 2 187(30.5% ) 
ccDee 57 10 a7 6 168( 73.0% ) 
CcDee 10 2 1 1 28(12.2% ) 
CCDee — — — — 22 
ccDEe 7 3 — 3 15(6.5% ) 
ccDEE a — 1 — 1 
CcDEe — — ~- = : 
ccD*ee 6 1 — 2.6 
CoDeee 1 a = is 4 | (2.6%) 
ccddee 10 —- — 6 
Ccddee BS — — = (SO) 
ccddEe 3 — — 1 


1For this category 19 specimens were blood grouped, but hemoglobin determinations were done 
on only 17 due to the insufficiency of red cells for two samples. 


blood samples obtained at the same time 
as those from the pregnant women, but 
from persons attending the outpatient 
clinic at the Lutheran Hospital. These are 
mostly adult males, but some adult fe- 
males are also included. The control sam- 
ples were obtained on various surveys 
throughout Liberia and contain individuals 
from all parts of the Kpelle and Loma 
tribal areas. Hence the control blood group 
frequencies are the mean frequencies for 
the entire Kpelle and Loma tribes. While 
the percentages of the various blood groups 
are shown for the controls, for the Kpelle 
and Loma pregnant women these per- 
centages are the same as the actual num- 
bers. It should also be noted that the 
differences in numbers of tests done on 
the controls for the various blood group 


antigens are due to our having begun test- 
ing for these antigens at different times 
during the course of our project. 


DISCUSSION 


The hemoglobin values. both for the 
pregnant women and the other adults, ap- 
proximate but are slightly higher than 
those found by Woodruff and Schofield 
(57) in the Gambia. These increases can 
perhaps be explained by the fact that in ad- 
dition to the iron and vitamin supplements 
given to the pregnant women, most of our 
patients were treated for hookworm and 
malaria. In any case, both studies indi- 
cate that the stress of pregnancy results 
in a decrease of 2-3 gm of hemoglobin in 
West Africans living under similar condi- 
tions. 
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For the Kpelle and Loma pregnant 
women the frequencies of the sickle cell 
}and hemoglobin C genes are similar to 
previously recorded tribial frequencies 
(Livingstone, *58; Neel et al., 56). For 
the Mandingo, however, the frequencies 
| of the sickle cell gene, both among the 
pregnant women and the other patients 
} from Zorzor, are quite high when compared 
‘to the average Mandingo frequency in 
_ Liberia (Livingstone, ’58). The groups of 
) Mandingo who have migrated into the 
} Gambia also show great variability in their 
} in their frequencies of the sickle cell gene 
) (Allison, 56). 

_ One Loma woman showed an SF pattern 
) ON paper electrophoresis. This is one of 
| the diagnostic criteria of sickle cell 
| anemia due to homozygosity for the sickle 
cell gene, but it is not sufficient evidence 
for this diagnosis (Edington and Leh. 
} mann, 755). We have also found several 
| other individuals with this electrophoretic 
pattern who showed no other symptoms of 
} anemia (Neel et al., 56). It is interesting 
to note in this respect that this woman has 
‘had 7 full-term pregnancies and one 
{ abortion. She complained of “weakness” 
after childbirth and had a hemoglobin 
} value of 8 gm but otherwise appeared to 
| be in normal health for a women of her 
f age in this area. In view of the recent 
| finding of an appreciable frequency of 
t thalassemia in Liberia (Olesen et al., 59), 
we think it more likely that this woman is 
| heterozygous for both the thalassemia and 
f sickle cell genes. 

The ABO blood group gene frequencies 
' of the Kpelle and Loma pregnant women 
f do not differ significantly from those of 
i the controls (x? = 0.570, 2 df., .75<P< 
0.90), nor do the MN gene frequencies 
) (? = 1.896, 1 df., .10<P<0.25). How- 
ever, the observed number of MN hetero- 
zygotes is much lower than the expected 
number in a Hardy-Weinberg equilibrium, 
and for the Kpelle and Loma pregnant 
women is statistically signficant (x°= 
mo.750, 1 df., 0.005<P<001). Tech- 
nical error might be suspected here, but 
it should be noted that the other blood 
samples which were taken at the same 
time as those of the pregnant women do 
not show this decrease in MN hetero- 
zygotes. In addition, only two of 34 tribal 


samples from Liberia of our survey show 
a similar deviation from expected. The 
decrease in MN heterozygotes seems to be 
apportioned equally among the MM and 
NN homozygotes, and this increase in 
homozygotes might possibly be due to in- 
breeding resulting from the size of the 
breeding isolate in this part of Liberia. 
On the other hand, it may be that the MN 
heterozygous women are not having as 
much difficulty in pregnancy and hence 
not as likely to attend the antenatal clinic. 

If the Rh— phenotypes on table 1 
are combined, the frequency of Rh— among 
the Kpelle and Loma pregnant women is 
18% , while it is 3% among the controls. 
This difference is highly significant (x? = 
29°267,- 1 *af.,. P’<< 01001)7 “Simee*the 
tribes of Liberia do not differ significantly 
in their Rh frequencies (Livingstone, et 
al., n.d.) and the average frequency of 
Rh— is slightly less than 5%, the greatly 
increased frequency among pregnant wo- 
men seems to be a real difference and not 
a statistical artifact. 

The finding of a greatly increased fre- 
quency of Rh— among pregnant women 
seems to be due to two reasons. The first 
and most obvious reason is that these 
women would be more likely to have diffi- 
culty in child-bearing and hence more 
likely to attend the antenatal clinic. The 
second reason is the result of the child- 
rearing practices of the Kpelle and Loma 
people. In these societies a woman’s main 
task in life is to have as many children 
as posible. However, after a child is born, 
there are strict tabus against the mother 
becoming pregnant again before the child 
is weaned. For the Loma the mother must 
not cohabit with her husband until the 
child is three years old if it is a girl, or 
4 years old if it is a boy (Schwab. °47; 
p. 209). Similar practices which attempt 
to “space” children are quite widespread 
among primitive peoples and are presum- 
ably efforts to give the child a maximum 
chance to survive. In such a society wo- 
men with unsuccessful pregnancies would 
be almost continually pregnant, while 
those whose children lived would be preg- 
nant once every 4 years at most. Since 
Rh— women would be more likely to have 
difficulty in child-rearing, these cultural 
practices of the Kpelle and Loma seem to 
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TABLE 2 
Outcomes of present pregnancies 


5 Full-t Full-term Premature Premature . Neonatal 
yas livebirth stillbirth livebirth stillbirth Abortion “Geath 
Rh— 18 14( 77.8% ) = 2 2 - 2 
Rh+ 89 78( 87.6% ) 1 5 2 3 6 
Histories of multigravida 
No. of Total . sah; . * Children Children 
en ited oor Cort ons Abortions Stillbirths Livebirths living dead 
Rh— 14 34 3 4 27 14 13 
Rh+ 68 232 28 24 180 118 62 


be another factor increasing the frequency 
of Rh— women among the women preg- 
nant at any one time. 

In order to determine whether the fore- 
going explanation has any evidence in its 
favor, we have recorded the outcomes of 
these pregnancies where possible and at- 
tempted to obtain pregnancy histories from 
the multigravida. Table 2 shows the re- 
sults of these inquires. 

It is not difficult to envisage many biases 
in these data, and there has undoubtedly 
been some failure to recall previous preg- 
nancies on the part of the multigravida. 
Nevertheless, the Kpelle and Loma women 
do remember quite accurately the num- 
ber of livebirths they have had and, 
of course, the number who are still living. 
Thus, in the last two columns of the preg- 
nancy histories there is some evidence to 
indicate that the Rh— women have had 
more difficulty raising viable offspring. 
The Rh— women have an average of 1.00 
living children per woman, while the Rh+ 
women have 1.74, but this difference is 
not statistically significant (x? = 1.908, 1 
d.f., 0.10<P<0.25). There are few of 
the present pregnancy outcomes of the 
Rh— women which show direct evidence 
for Rh sensitization. Two of the live-births 
were jaundiced but recovered. Some of 
these women did show histories of re- 
peated neonatal deaths or stillbirths, and 
the frequencies of neonatal deaths and 
stillbirths are somewhat higher for the 
Rh— women, but the numbers are too 
small to be of real significance. Thus, al- 
though there is some evidence for Rh 
sensitization, our data seem to indicate 
that other factors may also be involved 
in increasing the frequency of Rh— wo- 


men among the women pregnant at any 
one time to 18% from its expected fre- 
quency of about 5%. Our results also 
indicate that Rh sensitization in preg- 
nancy may be more of a medical problem 
in West Africa than was previously sup- 
posed, but a more accurate estimate of 
its frequency there will have to await the 
collection of more data on this problem. 

Since submitting this manuscript we 
have tested the sera of the 19 Rh— women 
and none had demonstrable anti-D anti- 
bodies. This does not preclude the pres- 
ence of anti-V. 
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| East-west movement across the northern 
jassland belt of Africa has for centuries 
pen channeled into the narrows between 
e Chad and the northern tip of the 
fameroons mountains, or through the wid- 
} passage between Chad and the desert. 
pth routes converge on Bornu, (fig. 1) 
frmerly one of the great empires of 
terior Africa, today an administrative 
fovince of northeast Nigeria which em- 
faces the northern Cameroons. Through 
prnu has passed a series of waves of in- 
iding and immigrant peoples, of different 
fanic affinities, of different languages, 
issessing different customs and ways of 
e. Some have settled in this vast plain 
} scrub savana, differing locally in the 
fgree of sandiness or availability of water 
}t otherwise an essentially uniform hab- 
't. Each of the more recent waves of 
}wcomers has retained something of its 
dividuality, to some extent its traditions, 
; language, in one instance at least until 
ently its political autonomy. Traditions, 
jcient documents, and the writings of 
rly Muslim travelers enable the periods 
twhich each immigration occurred to be 
tablished. Here it seemed was an area 
}which investigations among the different 
foples might give some evidence on the 
te of change of the frequencies of the 
iormal hemoglobin genes. 

Of the groups investigated the Kanouri 
ire the earliest established. Linguisti- 
Ty akin to the Teda of Tibesti, they en- 
ied Bornu from Kanem in a series of 
ves in the 13th and 14th centuries, 
pjugating the earlier inhabitants. To- 
they are town and village dwellers 
tose economy is centered on agriculture. 
though Kanouri is a name sometimes 
plied loosely to all Kanouri speaking in- 
ibitants of Bornu, the present sample 
fers to those who call themselves Kanouri 
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in contradistinction to the other groups of 
the area, e.g., the Kanembu and Kwoyam. 
The Shuwa Arabs began to enter Bornu 
from the east, from Darfur and Wadai, at 
the beginning of the 17th century, and they 
merged with the Kanouri and other pre- 
vious inhabitants. In 1809 Shehu Laminu 
invited the Shuwa to help him drive the 
invading Fulani out of Bornu, and a second 
wave of Shuwa tribes entered from the 
east, were given lands and granted inde- 
pendence of Kanouri control; it is from 
these tribes that the present sample was 
drawn. Although a certain amount of 
cultivation is done, the Shuwa are much 
more dependent on pastoralism than the 
Kanouri, spending the wet season in their 
own small untidy villages and the dry 
season away at pasture. At the same 
period Shehu Laminu also invited Kanem- 
bu tribes from the east of Lake Chad into 
Bornu to support him; many subsequently 
intermarried with the Kanouri, but the 
Bedduwai, pastoral nomads, remained 
relatively unmixed and are still regarded 
as the purest of the Kanembu tribes. Al- 
though the Kanembu were originally dis- 
tinct from the Kanouri, being established 
in Kanem before the arrival there of the 
latter, they are of the same language 
group and are considered by some to be of 
common stock. The Wakura and Hidkala, 
pagan tribes in the extreme southeast of 
Bornu, are representatives of the most re- 
cent movement into the plains, one that is 
still taking place, down from the moun- 
tains of the northern Cameroons. Accord- 
ing to tradition the Wakura are one of the 
pagan peoples who settled in the moun- 
tains above Gwoza after moving from the 
ranges to the south (Adamawa) and east 
(Mandara), at a period which study of 
their genealogies suggests was well over 
400 to 500 years ago, while the Hidkala 
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Figure 1 


are a tribe made up of a collection of dif- 
ferent groups who migrated into the Gwoza 
hills rather more recently. In the early 
days their mountain refuges served as pro- 
tection against the continual slave raiding 
of the Mandara, and from the early 19th 
century until 1922 against the exactions 
of the Fulani. It is therefore only within 
the last few decades that conditions have 
been sufficiently stable to attract a propor- 
tion of these pagans down from their ter- 
race cultivations of the mountains to the 
easier farming in the plains. The plains- 
ward movement has proceeded farther 
amongst the Wakura who today are estab- 
lished around the foot of the Zeledeva spur 
at the extreme northern tip of the Cam- 
eroons mountains, than amongst the Hid- 
kala, whose settlements still cluster in the 
valleys and along the foot of the range 
immediately to the south of Gwoza (fig. 2). 

Blood specimens were obtained from 
1009 individuals of both sexes who would 
have been going about their everyday 
affairs but for the presence of the investi- 
gators; all were adult except for 40 chil- 
dren (aged 5 to 18 years) whose inclusion 
made no perceptible difference to the 
phenotype frequencies observed. No close 
relatives and no individuals whose remem- 
bered ancestry showed intermixture with 
other peoples were included. The speci- 
mens from a random sample of adults 
from each of three peoples, Shuwa, Kan- 


ouri and Wakura, obtained in their owy 
villages, were dispatched to London, t¢ 
gether with specimens from a sample q 
Bedduwai taken-(on account of lack q@ 
time) in the prison at Maiduguri; a pre 
liminary report on the findings from thij 
part of the data has already appearef 
(Roberts and Lehmann, ’59), From large 
samples of Shuwa, Kanouri and Wakurj) 
living in the villages covered by the forme} 
specimens were sent to Ibadan, togethe 
with a sample of Hidkala. Investigatial 
was intentionally restricted to a disting| 
and geographically identifiable segment ¢ 
each people. In the case of the Shuw 
sampling was based on the tribal and se 
tional structure and an area within | 
radius of 30 miles east of Golumba wa 
covered. For the Wakura and Hidkal 
sampling was based on lineage structur] 
they were examined in their settlements ni 
spectively in the plains around the foot + 
the Zeledeva spur to the north of Gwoa 
and along the foot of the hills over a dij 
tance of some 10 miles to the south + 
Gwoza. The Kanouri and Bedduwai san 
ples were based on village of residenc 
the Kanouri were drawn from 116 villag: 
between 20 and 60 miles, and the Be 
duwai from 63 villages between 40 a 
100 miles northwest of Maiduguri. TI 
specimens were transmitted by air to La 
don or Ibadan where they were examin 
by electrophoresis on paper strips in veri 
cal tanks, using buffer solutions of pH 8; 
The runs in London were of 14 to 18 ho 
duration at 160 volts, and in Ibadan 
10 to 12 hours duration at 230 volts in <f 
airconditioned room at a temperature | 
20°C. The specimens were also examin 
chemically for sickling: Itano’s solubi 
test confirmed the presence of hemoglokg 


RESULTS 


The results are presented in table 1; ti 
phenotype frequencies in Kanouri, Shuvg 
and Wakura samples sent to Ibadan we 
closely similar to those observed in the Le 
don samples, so for each people the resv 
are pooled. 

The abnormal hemoglobins obser 
were S and C. AC phenotypes at a 
quency of about 5% occur in both Waku§ 
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d Hidkala, and serve to distinguish 
* highly significant at 0.1%) these 
woza pagans from the other three 
loples, amongst whom the trait is present 
ily at trace frequencies. AS phenotypes 
2 present at high frequency in the Bed- 
lwai and Kanouri—in the former higher 
an in any other non-Bantu sample in 
rica—and at somewhat lower frequen- 
rs in the other samples. The absence of 
homozygotes is not surprising in view 
! the heterozygote frequencies. The ab- 
ace of SS homozygotes is however strik- 
2; in a total sample of this size with a 
% incidence of heterozygotes one might 
e expected 12 or 13 homozygous indi- 
Juals to occur, more if all survived to re- 
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Figure 2 


produce. As has been noted (Lambotte- 
Legrand, °55; Vandepitte, 54; Allison, 
06a) in several other parts of Africa, par- 
ticularly the west and central regions, in 
Bornu SS homozygotes are eliminated from 
the population before they reach adult- 
hood, a wastage of about 1.3% of all 
children born. 

There are no significant differences be- 
tween Wakura and Hidkala in frequency 
of AS or AS+ AC, there has been some 
intermarriage between the two groups de- 
spite their different languages, and these 
two samples of Gwoza pagans were accord- 
ingly pooled in the subsequent analysis. 
The 4 samples differ significantly (at 1% ) 
in the frequency of AS, though when the 


TABLE 1 


Phenotype 


Number examined 


Gene frequency 


Frequency 


No. observed 


People 


Total 


London Ibadan 


AC 


AS 


AA 


AC 


AS 


AA 


0.0034 


0.140 
0.163 
0.104 
0.099 
0.066 


0.857 


0.714 0.279 0.007 


2 


82 
30 
65 


210 


178 294 


116 


Kanouri 
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0.837 
0.894 


0.326 


0.674 


62 
246 


92 
312 
182 
129 


92 
105 
104 


Bedduwai 


0.0016 
0.0275 
0.0232 


207 


Shuwa 


0.747 0.198 0.055 0.874 
0.132 0.911 


10 


36 
17 


136 


78 
129 


Wakura 
Hidkala 


0.047 


106 


0.114 0.0094 


0.877 


760 


592 1009 


417 


Total 


incidences of total abnormal ee | 
(AS + AC) are compared the difference 
are less marked (significant at 5% ). TH 
results of comparisons of pairs of sampl¢ 
are shown in table 2; again differences a3 
more marked when the AS are contrasteé 
with the AA + AC phenotypes. The sar} 
ples appear to be grouped geographicall}| 
those from the northwest of Maiduguri, tH 
Kanouri and Bedduwai, are similar but dij 
fer from those from the northern Can 
eroons, the Shuwa and Gwoza pagans, wit 
resemble each other. Within each of thes 
geographical divisions there is no sig 
cant difference between the earlier an 
later arrivals. 


DISCUSSION 


The finding of AC at 5% frequency i 
the Gwoza pagans was somewhat une 
pected. The C gene attains its highest fr 
quency in northern Ghana and adjacey 
territories, and there is a cline of diminis} 
ing incidence outwards in all directions, , 
distribution pattern which has been inte 
preted very reasonably as representing dij 
fusion of the gene outwards from its focul 
(Allison, 56; Edington and Lehmann, ’5¢ 
Portier, Cabannes and Duzer, 59). Othe 
northern Nigerian peoples to the west ¢ 
the Gwoza pagans do not possess the ge 
at appreciable frequencies (Roberts et a 
in preparation), while to the southward 
has been suggested that the Lower Nig¢ 
formed a barrier to its eastward spree 
(Lehmann and Nwokolo, ’59). It seem 
that there is a secondary focus of the ger 
among the hill peoples of the northen 
Cameroons. Whether this focus is distin: 
or merely a salient will not be decided unt 
the situation in peoples of Nigeria’s mii 
dle belt is known. The incidence of C mz 
or may not indicate any affinity wit 
peoples in the zone of high C frequencie 
in northern Ghana. The Gwoza folk hay 
no tradition of migration from the wes 
however, movement did occur in the opp) 
site direction, for instance the ruling fang 
ilies among the Mossi reached their pre: 
ent home in north Ghana and neighba: 
ing territories from the east, and the ge 
may possibly have been acquired and take 
with them. A zone of high frequency nee 
not necessarily represent the area of origz 
of a gene. 
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AS vs. AA + AC 


Bedduwai Shuwa 
Gy Kanouri NS 5% 
iH Bedduwai 2% 
Shuwa 


TABLE 2 
Significance levels of differences between pairs of samples 


AS +AC vs. AA 


Gwoza Bedduwai Shuwa Gwoza 
1% NS 5% NS 
1% 5% 5% 
NS NS 


The high frequency of AS in the Ka- 
uri and Bedduwai was also rather un- 
Fpected. As table 3 shows, frequencies of 
» to 25% occur in southern Nigeria, but 
}the north levels tend to be rather lower. 
‘hen the idea of some association of ma- 
ria with the sickle cell trait was first de- 
Hoped (Allison, 54), high frequencies 
' the trait appeared to be restricted to 
?gions in which malaria is hyperendemic, 
iw frequencies in malaria-free and epi- 
mic areas. Several studies (e.g., Roberts 
hd Lehmann, ’55; Livingstone, 58) have 
¥nce shown that in endemic zones are to 
» found peoples in whom the trait is 
ither absent or present only at low fre- 
wencies, situations explainable respec- 
tvely on the hypotheses that the gene has 
‘t yet, or only recently, been introduced 
the area. In Bornu the pattern is re- 
Srsed; the S incidence is high while ma- 
fria appears to be epidemic. The present 
irvey was conducted during the dry sea- 
m, and parasites were observed in only 
individuals in a sample of 592 (3.4% ); 


for comparison, among the Yoruba in a 
hyperendemic area where the S gene at- 
tains a comparably high incidence, the 
malarial parasite rate in adults is between 
40 and 50% (Barber and Olinger, ’31). 
In the samples from West Africa so far 
available, as in the Bornu findings, there 
tends to be a negative association between 
the frequencies of the C and S genes— 
higher frequencies of C are found in pop- 
ulations where the S gene frequency is 
lower (Edington and Lehmann, ’56; Alli- 
son, *56b)—suggesting that the selective 
roles of these genes are similar. 

There is no clear relationship between 
the frequency of the S gene and duration 
of settlement in Bornu of the various peo- 
ples. Unfortunately, very few figures are 
available for the frequencies of abnormal 
hemoglobin genes in the areas from which 
these peoples are derived. The Kanouri are 
unlikely to have brought the S gene with 
them from Tibesti, but, whether they ob- 
tained it before or after their entry into 
Bornu, through their long settlement in 


TABLE 3 
Frequencies of hemoglobins S and C in Nigerian samples 


} Sickling surveys 


Sicklers 


References 


% 


fausa, probably adult 17.5 Adamson, *o1 

orth Nigerians, adult 13.9 Humphreys, *52 

last Nigerians, adult 19.5 Humphreys, °52 
Vest Nigerians, adult 19.8 Humphreys, 752 
joruba, adult Dalat Jeliffe and Humphreys, ’52 

ausa 15 Jeliffe, ’54 

ulani 18 Jeliffe, ’54 
lerikeri 11 Jeliffe, 754 

ectrophoresis surveys No. AA AS AC SC ss References 

% % % % % 

ralla, young children 

excluded 155 82 18 — — — Walters and Lehmann, ’56 
oruba, all ages 940 68.7 238 6.7 1.0 03 Walters and Lehmann, ’56 
oruba, children (6 yrs.) 304 684 250 63 03 — Garlick and Barnicot, ’57 
90, schoolchildren and 

young adults 256 74.2 250 08 — — Lehmann and Nwokolo,’59 
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their present territory they may be ex- 
pected to have approached a state in which 
the frequency is adjusted to environmental 
conditions, unless of course the gene itself 
is of recent origin. The Bedduwai, though 
established only a century and a half, have 
already achieved a similar frequency, but 
they may well have partly done so in the 
area from which they came, territory ad- 
joining the northeast side of Lake Chad, 
where sickling in Kanembu attains a fre- 
quency of some 22% (Pales et al., ’55). 
The Shuwa, settled in Bornu for the same 
period as the Bedduwai, have not yet at- 
tained a similar level of the S gene though 
its frequency is already high. They came 
from an area in which it is likely that the 
S gene is either rare or absent, for in the 
Sudan the gene is only just making its 
appearance among the northern Nilotes 
and has not yet reached the Arabic-speak- 
ing peoples amongst whom there remain 
tribes closely related to the Shuwa. Among 
the Gwoza pagans there has probably been 
no great modification of frequencies from 
those established during their period of 
hill and foothill settlement; the S fre- 
quency of the Hidkala with their lesser use 
of the plains than the Wakura tends to 
be slightly lower than in the latter. 
Considering the diversity of ethnic af- 
finities in these peoples, the differences in 
their abnormal hemoglobin gene frequen- 
cies, though significant statistically in 
some instances, are relatively slight. The 
Wakura and Hidkala seem to compensate 
their low S levels by higher values of C so 
that the total abnormal hemoglobin inci- 
dence is similar to that of the Shuwa. 
Such differences as there are it is possible 
to attribute to differences in intensity of 
selection between the two areas covered 
by the investigation, but even so the sim- 
ilarity in frequency between the samples 
within each area, despite their differences 
in their duration of residence, requires ex- 
planation. It may be suggested that exten- 
sive interbreeding of the different peoples 
since they entered Bornu, either with each 
other or with earlier inhabitants of their 
present territories, has been responsible. 
Yet this suggestion is untenable since, al- 
though some degree of intermixture has 
occurred, highly significant variations are 
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detectable in the blood group gene mead 
cies of these peoples, and in the easte; 
groups there are the different contributiay 
of S and C to be taken into account. T] 
evidence seems to point to a relative 
rapid rate of change of hemoglobin geq 
frequency in the later arrivals; the 4 
sence of data for the areas from which thy 
were derived unfortunately precludes me} 
urement of the rate. The tendency for t{ 
AS frequencies to be higher in individu; 
under the age of about 40 than in tha 
of older age groups, suggested in the pj 
liminary analysis and maintained in t 
total sample of Shuwa, Kanouri, and Be 
duwai, is still not statistically significa) 
but would be compatible with the hypo} 
esis of relatively recent introduction of t 
S gene in these peoples, and would be tf 
more telling should the trend observed - 
Delbrouk (758), towards an increase | 
AS frequency after the age of 40, pra 
to be of more general occurrence. Penra 
et al. ('56—57) set out the conditions nec? 
sary for three allelomorphs to be in ge@ 
etic equilibrium; from the relative viak 
ities observed in the present investigati 
it seems that the Bornu gene frequenc? 
are not yet in a state of stable equilibriu: 
but the Gwoza pagans appear to be som 
what closer to this state than the Kanoy 
or the Shuwa. The evidence is by no mea 
conclusive, but it seems to suggest that tf 
rate of change of abnormal hemoglobki 
gene frequency may have been relative 
rapid in Bornu. 


SUMMARY 


The incidence of abnormal hemoglobi: 
has been investigated in several peoph 
of Bornu (Northeast Nigeria) who enterr 
their present habitat at different perio¢ 
Frequencies of hemoglobin S attain hii 
levels, while there appears to be a secort 
ary focus of C in the pagan peoples of tt 
northern Cameroons. The evidence suf 
gests a relatively rapid rate of change 
hemoglobin S frequency in this region. 
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Jigital Epiphyseal Fusion of the Hand in Adolescence: 


{ Longitudinal Study’ 


LESZCZYNSKA 


Many osteological features of the fusion 
ff bones in man have been outlined by 
itevenson (724), Stewart (734), Todd 
37), Cobb (752), Pyle and Hoerr (755), 
ireulich and Pyle (’50, 59) and others. 
they discuss (1) the approximate mean 
jnronological age for the fusion of various 
Pgions and bones, (2) some aspects of 
ae sequences of bony union and (3) the 
e of bony fusion as a maturity indicator. 
fa general these studies are based on cross 
sectional data or cross sectional presen- 
itions derived from longitudinal material. 
Because the literature is almost exclu- 
tvely oriented to the cross sectional ap- 
roach, several aspects of the problem of 
diphyseal fusion have not previously been 
inswered (Noback, 54). Except for the 
lreliminary report of Moss and Noback 
#58), no data are available concerning the 
lapsed times between (1) the time a 
\nalanx ceases to elongate and the time 
jbiphyseal fusion commences, (2) the be- 
mning of epiphyseal fusion and its com- 
lletion, (3) first epiphyseal fusion of the 
land (distal phalanx of thumb) and the 
bmplete fusion of all digital epiphyses of 
he hand of any individual child. 

| The lack of serial radiological studies 
+ short intervals of time during the se- 
tuences of fusion explains the absence of 
rior data required to determine these 
fapsed times. This report extends and 
bmpletes the data of our preliminary 
japer (Moss and Noback, ’58) presenting 
jyantitative data relating to these elapsed 
tdmes during epiphyseal fusion in the 
Holescent hand. 


rev) 


] MATERIALS AND METHODS 

1A study population of 151 children, 11 
® them Negro, 57 male and 94 female 
as obtained from the Clinics of the Divi- 
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sion of Orthodontics, School of Dental and 
Oral Surgery, Columbia University. The 
mean age was 13.0 years, with a range 
of 9-16 years. 

Periodic radiological assessment of the 
maturational status of the entire study 
population was made. Those observed to 
be undergoing digital fusion or judged to 
be about to do so (fusion of the hand com- 
menced soon after the morphological 
maturation of the ulnar epicondyle) were 
followed closely with successive exposures 
taken at intervals of no more than three 
months. During the initial phases of this 
study such exposures were made at lesser 
intervals but in no case were dosage limi- 
tations exceeded. The interval between 
exposures was recorded to the nearest 
week. The right hand was uniformly ex- 
posed, bilateral asymmetry being unimpor- 
tant (Dreizen et al., ’57). 

A simple system of assessment of digital 
epiphyseal maturation was devised. Each 
epiphyseal region was scored in fusion 
units as follows: 0 units = no roentgeno- 
graphic evidence of fusion; 1 unit = first 
evidence of fusion; 2 units = fusion al- 
most complete, some “notching” still pres- 
ent; 3 units = fusion completed (see Moss 
and Noback, ’58 for details). 

For reasons of morphological and onto- 
genetic homology, the first metacarpal bone 
was considered as a phalanx for this study, 
and so with 15 phalanges studied, the 
score of a given individual could vary 
from 0 to 45 units. 

Close approximation to the actual time 
required for the processes of fusion of each 
digital epiphysis of each child was facili- 
tated by closely spaced serial films. The 
time interval between films showing either 


1 Supported, in part, by grant A-812(C), Public 
Health Service, National Institute of Health. 
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an open or a fusing epiphysis and a sub- 
sequent film showing completed fusion 
was noted. In the first case the interval 
was an overestimate since we did not know 
precisely the time of the onset of fusion, 
nor of the completion of fusion. In the 
second case, that of an already fusing epi- 
physis, there was a possibility of either an 
underestimate, since we did not know pre- 
cisely when fusion began, or of an over- 
estimate, since the actual time of fusion 
was also unknown. 


RESULTS 


Epiphyseal fusion of a phalanx. Each 
epiphyseal fusion in a phalanx was divided 
into two phases (fig. 1). The first phase 
or prefusion phase extended from the time 
the phalanx ceased to grow in length un- 
til the first radiological sign of epiphyseal 
fusion. This sign was the presence of a 


I—MAX. INTERVAL 8.5 MO.—> 
| ; 


i} 
| 
| 
| 
t—— MIN. INTER. 6.5 MO : 
l 
i} 


Fig. 1 The time sequence from prior to cessation of phalangeal growth until the com- | 
pletion of epiphyseal fusion. The numerals represent the time x-rays were taken. X-ray 1, 
during period of phalangeal growth; x-ray 2, at cessation of growth phase and initiation 
of prefusion phase; x-rays 3 and 4, in interval between end of phalangeal growth and 
commencement of epiphyseal fusion; x-ray 5, commencement of radiologically observable 
fusion; x-ray 6, fusing epiphysis during fusion phase; x-rays 7 and 8, fused digital epi- 


physes. 


The mean maximum calculated interval (max. interval) was 8.5+0.45 months. It 
extended from x-ray 3 to x-ray 6. The mean minimum calculated interval (min. interval) 
was 6.5+0.69 months. It extended from x-ray 3 to x-ray 4. The exact time of these | 
intervals could not be determined with certainty in our data. 

The two lengths of the bar graphs during fusion phase was obtained by arbitrarily 
dividing the children into two groups by the criteria of rate of fusion. The mean time 
required for completion of a given epiphyseal union in the rapidly fusing (“fast”) groun 
was 2.80.3 months and the slow fusing (“slow”) group was 4.2+0.4 months See 


text for details. 


radiopaque bridge between the epiphysi 
and diaphysis in the central part of th 
epiphyseal disc (Moss and Noback, ’58) 
Although the prefusion stage showed no 
radiological signs of fusion, it was probable 
that histological and physiological evidenc 
of fusion were present in the epiphyseal 
discs during this stage. The second phase 
or fusion phase extended from the first 
evidence of fusion until complete fusio 
between the diaphysis and epiphysis oc. 
curred. 

Because the entire process of fusion wag 
a continuous sequence, it was difficult tc 
determine the exact point at which eack 
phase began or ended unless numerous 
X-rays at short intervals were taken of a 
individual. However, from our study grour 
several sequences of x-rays were available 
in a number of children which enabled us 
to obtain an approximation of the dura 
tion of these phases. 


DIGITAL 


| The epiphyses and diaphyses of 6 pha- 
janges—two thumb and three middle digit 
phalanges and the first metacarpal bone-— 
ere examined in 55 children. Ninety- 
mine separate serial observations (fig. 1) 
vere made in which it was possible to de- 
lermine an interval between a time after 
phalangeal growth had ceased (fig. 1, x- 
fay 3) and a time during the early stage 
f fusion (fig. 1, x-ray 6). The mean maxi- 
fnal calculated interval was 8.5 + 0.45 
onths. In 48 of the 99 phalanges two 
successive x-rays were available within the 
rst phase—that is when phalangeal 
erowth had ceased and radiological fusion 
jad not yet commenced (fig. 1, x-rays 3 
hnd 4). The mean minimum calculated 
waterval was 6.5 = 0.69 months. Actually 
this latter figure should be longer since we 
tould not determine with certainty the 
time intervals between x-rays 2 and 3 
and between x-rays 4 and 5 in figure 1. 

The second or fusion phase was based 
m 71 phalangeal observations. Calcula- 
tions were made from the unimodally 
Wistributed longitudinal data which were 
Artificially divided into two _ groups, 
thildren whose epiphyses fused relatively 
‘fast’ and those whose digits fused rela- 
ively “slow” (Moss and Noback, 58 for 
Hetails). The mean duration of the fusion 
‘tage for a single epiphysis of the “fast” 
fusion group was 2.8 = 0.3 months (N = 
B3) while in the “slow” group the mean 


Order of fusion 


1st digit—distal phalanx 

5th digit—distal phalanx 
Qnd digit—distal phalanx 
3rd digit—distal phalanx 
4th digit—distal phalanx 


5th digit—proximal phalanx 
5th digit—middle phalanx 


2nd digit—proximal phalanx 
1st digit—metacarpus 
1st digit—middle phalanx 


3rd digit—proximal phalanx 
2nd digit—middle phalanx 
4th digit—proximal phalanx 


Ath digit middle phalanx 
3rd digit—middle phalanx 


1See text for explanation of fields. 
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interval for a single fusion was 4.2 + 0.4 
months (N = 38). 

Neither the mean morphological lengths 
of the phalanges, nor total digital lengths, 
nor mean number of epiphyses fusing 
seemed to influence the rate of fusion. 
No sexual differentiation was noted. 

Order of fusion. The sequence of fu- 
sion of the epiphyses of the hand varied 
within this study group. However, their 
order was arranged, in general, as noted 
in table 1. 

This sequence was not rigid. No sex 
differences in the order of fusion were 
noted. This order did not exactly corre- 
spond with that in the atlas of Greulich 
and Pyle (759). 

The epiphyses of the hand seemed to 
fuse as groups of “fields” (table 1). These 
were (1) the distal field which included 
the 5 distal phalanges, (2) the ulnar field 
which included the proximal and middle 
phalanges of the 5th digit, (3) the radial 
field which included the first metacarpal 
and the proximal phalanges of thumb and 
second digit, (4) the medial field which 
included the middle phalanx of the second 
digit and the proximal phalanges of the 
third and 4th digits and (5) the central 
field which included the middle phalanges 
of the third and 4th digits. 

There were both intrafield and interfield 
variations. For example, among 28 in- 
dividual hands, fusion sequences began in 


TABLE 1 
The order of fusion of the epiphyses of adolescent hand 


Fields1 
Distal 


Number 


Ulnar 


Radial 


Medial 


Central 
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the ulnar field before those in the radial 
field in 17 hands while the reverse was 
true in 11 hands. 

Epiphyseal fusion of the entire hand 
(fig. 2). The digital maturation of the 
hand of 55 children was measured and 
analyzed by a unit scoring method. The 
mean time for the completion of digital 
epiphyseal fusion of the entire hand (from 
fusion of distal phalanx first digit until 
fusion of middle phalanx third digit) was 
16 months with a range of from 4 to 28 
months. These results extend and refine 
the earlier data of Moss and Noback (’58). 

If an arithmetic plot was made, with the 
unit scoring as the ordinate, the hand 
that fused in 4 months had a slope of 86°, 
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Fig. 2 Plot of the maturation of the 15 digital 
epiphyses of the hands of 55 adolescents as 
measured by unit scoring method (see Materials 
and Methods). Abscissa, time in months; ordi- 
nate, units as in unit scoring method. The mean 
elapsed time for the fusion of the 15 epiphyses 
of the hand is 16 months with a range of 4 
months to 28 months. The mean slope for this 
study group was 72° with a range of 86° to 59°. 
In any individual adolescent, the slope is con- 
stant. Once fusion commences in a hand it is 
continuous with possibly insignificant lapses 
(see Moss and Noback, ’58 for individual 
graphs). 


| 


the one that fused in 16 months a slope oi} 
72.2° and the one that fused in 28 months} 
had a slope of 59° (fig. 2). A significan} 
feature was that the plot of any individuaj 
hand throughout its fusion sequence; 
formed a straight line on this graph (seé¢ 
fig. 4 in Moss and Noback, ’58). Once 
fusion commenced in a digit, its course 
was predictable and rapid. Thus it wasj 
possible, on the basis of two or preferably 
three x-rays during the time of digital fuj 
sion, to plot and predict approximately 
when a child’s hand would be entirely} 
fused. The rate of manual fusion was 
both constant and characteristic in a given} 
child. The rates between children varied|} 
These rates were not correlated with eithey 
age or sex. Once fusion commenced in & 
hand it was continuous with possibly ini 
significant lapses undetectable by the pres3 
ent method. 


DISCUSSION 


The results of this longitudinal investi 
gation confirm and extend our previous 
study (Moss and Noback, 58). The un: 
usual nature of these critical data is tha 
they cannot be derived from the myriad x 
rays of the hands in existence. Only seria 
x-rays taken at relatively “short” intervals 
during epiphyseal fusion is of value i 
this type of study. Most x-ray collections 
are cross sectionally oriented. In the few 
excellent longitudinal studies (GreulicH 
and Pyle, 59 as an example) the x-rays 
are taken at intervals that are too greatth 
especially during adolescence. | 

The use of skeletal maturity indicators 
for estimation of physiological maturity 
is universal. Acheson (754) has a unii 
scoring method to assess skeletal maturity 
during the first 5 years of life. During this 
period the epiphyses of the hand appeari 
The order of the appearance of these epili 
physeal centers as reported by Pyle and 
Sontag (’42) are not correlated with the 
order of fusion of these epiphyses pres: 
ently noted. Our paper extends Acheson’?! 
(754) unit scoring method to the adolesceni 
period of life, and additionally, supple: 
ments the existent valuable radiographi« 
atlases of skeletal development. 

The range of time for the fusion of 2 
15 digital epiphyses of the hand extend: 
from 4 to 28 months. In all probabilits 


e basic reason for differences between 
he length of time it takes for an entire 
and to fuse in different individuals is 
at the interval between successive epi- 
myseal fusions is short in those hands 
nat fuse quickly (4 months) and long in 
nose hands that fuse slowly (28 months). 
is is likely because the length of fusion 
me of each epiphysis is relatively con- 
ant, 2.8+0.3 months in “fast” groups 
d 4.2+0.4 months in “slow” groups. 
his minimizes the role of the fusion time 
an epiphysis in influencing the varia- 


te hand. 

Two critical factors must be kept in 
‘ind in interpreting our data and conclu- 
fons. (1) All our observations are based 
f radiological material. There is no infor- 
fation available correlating the histology 
‘the prefusion and fusion stages with the 
iray image. It is likely that the histology 
| the prefusion stage is more than just 
‘resting stage preparatory to the active 
focess of fusion. (2) Our data are in- 
pmplete in the sense that more x-rays at 
torter intervals on more individuals are 
ecessary to obtain refined details. The 
oblem of securing material of this nature 
an adolescent population is fraught with 
amerous obstacles. 

|The process of epiphyseal fusion can be 
jrrelated with othér maturational phe- 
pmena such as dental maturation. The 
tire dentition migrates anteriorly through 
e alveolar bone during the period of the 
jaturation of the facial skeleton (Moss, 
feenberg and Noback, 59). This migra- 
yn occurs at the time when the digital 
liphyses are open but is absent after these 


cult in children with closed epiphyses. 
‘ace maturational status of the hand is 

ood indicator of general skeletal matur- 
) (Greulich and Pyle, 59), seemingly, 
tal migration is correlated with it in 


CONCLUSIONS AND SUMMARY 


31. The temporal sequence of epiphyseal 
sion in the hands of 55 adolescents was 
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analyzed with the use of closely spaced 
serial radiograms. 

2. Each epiphyseal fusion was divided 
into two phases. The first, or prefusion, 
phase extended from the time a phalanx 
ceased to grow in length until the first 
radiological signs of epiphyseal fusion. 
Undoubtedly, histological and physiolog- 
ical activity relating to fusion was present 
but was not radiologically revealed. The 
second, or fusion, phase extended from the 
first evidence of fusion until complete 
fusion. 

3. The mean duration of the prefusion 
phase, for 48 phalanges observed, was 
6.5 + 0.69 months. 

4. The mean duration of the fusion 
phase in a “fast” fusing group was 2.8 + 
0.3 months while in a “slow” fusing group 
it was 4.2+0.4 months. These artificial 
groupings were correlated with neither sex, 
chronological age nor length of phalanx. 

5. The mean time of fusion of the en- 
tire 15 epiphyses of the hand was 16 
months with a range of 4 to 28 months. 

6. Once fusion commenced in an in- 
dividual child, the rate was rapid and pre- 
dictable if two or three radiograms were 
available. The rate in a child was con- 
sistent but rates varied among children. 
The rates were not correlated with either 
sex, digital length or chronological age. 
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The Skin of Primates 


( LORIS TARDIGRADUS )' 


In the first article of this series we 
described the skin of the potto (Montagna 
jand Ellis, 59a), which is the largest mem- 
er of the African lorisoids. In this paper, 
ve deal with the smaller of the two Orien- 
al lorisoids, the slender loris. The histo- 
jogical and histochemical properties and 
he apparently generalized features would 
ndicate that the skin of the slender loris 
{Ss even more primitive than the skin of 
the potto, which it resembles. 

| 


q] 


MATERIAL AND METHOD 


We have used the skin of three adult 
males. Two of these were in excellent 
physical condition, but one was emaciated 
fvhen we received it and had to be killed 
mmediately. The two healthier animals 
ite numerous living, week-old mice, some 
fresh banana, and pablum mixed with 
inilk. This regimen kept the animals in 
pxcellent physical condition, probably 
even better than in an optimal natural 
mvironment. Their luxurious pelage re- 
lected their fine state of health. Pieces 
bf skin were removed from every part of 
the body while the animals were anes- 
thetized. 
| For general histological studies, skin 
Was fixed in Helly’s fluid and in 10% 
formalin and embedded in paraffin. Sec- 
ions of these tissues were stained with 
various stains, including Giemsa, toluidin 
blue buffered to pH 4.5 (Montagna et al., 
51), and the PAS technique for the dem- 
pnstration of glycogen and other carbo- 
hydrates. Control sections were digested 
ith fresh saliva before they were treated 
With PAS. Phosphorylase activity and suc- 
tinic dehydrogenase activity were dem- 
pnstrated in frozen sections of unfixed 
tissues, using respectively the methods of 
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Arnold Biological Laboratory, Brown University, 
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Takeuchi and Kuriaki (55) and Farber 
and Louviere (756). The following en- 
zymes were studied in frozen sections of 
tissues fixed in chilled 10% formalin for 
4 hours: (a) alkaline phosphatase (Go- 
mori, 52); acid phosphatase (Rutenburg 
and Seligman, 55); nonspecific esterases 
(Pearse, 53); tween esterase, or lipase 
(Stowell and Lee, 50); acetylcholines- 
terase and butyrylcholinesterase (Mon- 
tagna and Ellis, ’57). 


OBSERVATIONS 


The slender loris, Loris tardigradus, is 
one of two Oriental members of the family 
Lorisidae; the other is the larger slow loris, 
Nycticebus coucang. Our animals were 
probably trapped in Ceylon, but the exact 
locality is not known. Judging from their 
size, 7 to 8 inches in length, and the 
general coloring of the pelage, ash-gray 
above, frosted with white, and largely 
white with a suffusion of yellow on the 
ventral parts (for fuller description see 
Hill, 53), these animals seemed to be 
Loris tardigradus nordicus. The naked 
skin of the lips, the sides of the nose, the 
eyelids, and the margin of the soles, was 
yellowish. The large eyes were sur- 
rounded by a rim of blackish hairs which 
gave the animals a goggled appearance. 
The pure white hairs of the gular region 
continued dorsally and laterally with the 
long white hairs of the cheeks (figs. 1-4). 

Slender lorises are small, slow-moving, 
nocturnal animals with long, slender 
limbs (figs. 1-4). During the day, they 


1 This work was supported by grants from the 
United States Public Health Service, RG-2125 
(C9), The National Science Foundation, G-4392, 
and Colgate-Palmolive Company. 
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sleep while hanging to the sides of the 
cage, with the head resting against their 
bellies, between the thighs. When dis- 
turbed, they voice a bird-like chatter and 
soft, short growling noises. 

The animals have a moderately strong, 
somewhat unpleasant odor emanating 
from the skin. The odor lingers on one’s 
hands after the animals have been han- 
dled (Hill, 56 makes a similar observa- 
tion). The pelage of lorises is relatively 
short and dense on the dorsal and extensor 
surfaces, and scantier and longer on the 
ventral and flexor surfaces. When the 
fur is clipped off, the skin is either pinkish 
or yellowish. Yellow pigment is conspicu- 
ous on the dorsal side of the manus and 
pes, on the extensor surfaces of the fore- 
arm and leg, on the ears, and on the 
naked skin near the margin of the eyelids, 
lips and nose. The pigment is probably 
a carotinoid, but we did not investigate 
it. The skin of the scrotum has a marbling 
of brown pigmentation, but that elsewhere 
has no pigment showing through. 

After the anesthetized animals are 
clipped, the flexor surface of the arm be- 
comes covered with a watery fluid which 
has the characteristic, strong odor of the 
animal. Scattered beads of similar fluid 
are also found over the extensor sides of 
the forearm and legs. The skin where 
fluid is secreted freely has a yellowish 
color; the base of the hairs in these areas 
has a yellow incrustation. 

Hill (53) gives an excellent account of 
the anatomy, the classification and the 
general biology of the lorises, and Brandt 
(40) discusses the details of the hair 
tracts in two fetuses. There is a brief 
report by Hill (’56) on the glands of the 
arm, and by Klaar (’24) on the skin of 
the axilla. These are the only studies we 
know on the skin of these animals. AlI- 
though similar in some respects to the 
skin of the potto (Montagna and Ellis, 
°09), the skin of the slender loris has 
many interesting peculiarities. 

The skin is very thin; it is much thicker 
on the dorsal and extensor surfaces than 
it is on the ventral and flexor surfaces. 
It is thickest on the nape, and thinnest on 
the gular and axillary regions and on the 
medial side of the thighs. 


The epidermis 


The epidermis has no undersculpturing 
and rests flat on the dermis. The ep 
dermis over most of the body is surpris} 
ingly thin with a malpighian layer usually 
composed of two or three layers; that ove? 
the scrotum is much thicker. A disconj 
tinuous, barely detectable granular layey 
is composed of flattened cells that contain 
some recognizable keratohyalin granule 
and some non-stainable, refringent gran 
ules. The stratum corneum is about 1¢} 
layers of cells thick and varies little fron 
one place to another. | 

The underside of the very thick epi 
dermis of the volar side of the hands ane 
feet has deep ridges. At the bottom of tha 
ridges are attached the narrow ducts 0: 
the sweat glands; the path of these duct} 
through the epidermal ridges is eithe: 
straight or slightly twisted. All mitotic aq 
tivity is restricted to the cells at the bot 
tom of the ridges, there being none in the 
valleys between them. The malpighiay| 
layer is thick and the granular layer i 
three or 4 cells in thickness; these cells 
like those of the general body epidermis; 
have relatively few basophil-staining ken 
atohyalin granules and numerous ac 
romic and refringent granules. Thi 
corneal layer is very thick, but the stratu 
lucidum is poorly defined. 

The epidermis is almost free of melani 
and dendritic melanocytes. Recognizabl. 
melanocytes are found predictably onli 
in the epidermis of the scrotum and occé 
sionally in that of the ears and the periane 
regions. Even the epidermis of the pal 
and soles has none. 

Only the basal layer of the general skii 
epidermis stains moderately well wit! 
basic dyes. In the thick epidermis ove: 
the scrotum, the lower three or mori 
layers of the malpighian layer are deepli 
basophil. In the palms and soles thi 
entire malpighian layer stains fairly i 
tensely with basic dyes. 

Except near the depressions around th 
pilary canals, the epidermis is free af 
glycogen. Over the scrotum, where it if 
thicker, moderate amounts of glycoge? 
may be found in the cells in the midd 
of the malpighian layer. In the palms a 
soles, the cells in the upper malpighia: 
layer often contain glycogen. 


THE SKIN OF 


_ All viable epidermal cells everywhere 
jontain succinic dehydrogenase activity; 
ine largest concentration of the enzyme is 
a the basal layer. The epidermis every- 
vhere has strong phosphorylase activity; 
ue reaction is always more intense on the 
fentral and flexor surfaces than on the 
jorsal and extensor surfaces. 

| The entire epidermis up to, and includ- 
ing the granular layer, is strongly reactive 
jor nonspecific esterases (figs. 5, 17, 24), 
ne corneal layer being unreactive. In the 
yalms and soles esterase activity is con- 
fentrated in the entire malpighian layer 
tnd particularly in a band that corre- 
wponds to the combined upper granular 
yer and stratum lucidum; the corneal 
jayer shows a moderate reaction (fig. 24). 
»he distribution of tween esterase and acid 
hosphatase corresponds to that of non- 
specific esterases. There is no alkaline 
hosphatase in the epidermis. 


The pilary system 


@ Hair follicles grow in clusters or islands 
wf 4 to 20 or more (fig. 5), but the pilary 
janal of each follicle opens separately to 
me surface (fig. 6). Small sebaceous 
flands are attached to the outer root 
heath a short distance below the surface 
fig. 5). The larger follicles have a recog- 
izable “hair bulge” to which are attached 
jae arrector muscles; the small follicles 
have no muscles. Growth of hair is mosaic; 
rowing follicles may be found anywhere 
in the body, and hair groups may contain 
joth growing and quiescent follicles. There 
$ a great disparity in the size of the fol- 
icles in each hair group, and the size of 
ine hairs they produce may range from 10 
several hundred microns. Thus, one 
jnds tiny, non-pigmented hairlets without 
4 medulla, small hairs with a continuous 
yr discontinuous pigmented medulla, and 
farge hairs with a medulla like that of 
jodents, arranged in blocks separated by 
spaces (fig. 7). 

Growing follicles, regardless of their total 


jsually extended below the base of the 
ermis into the subdermal fat (fig. 7). 
Where the skin is very thin, the lower part 
active hair follicles grows parallel to 
e surface of the skin, flattened against 
fhe panniculus carnosus. On the ventral 


PRIMATES. II. DA 


portion of the body and on the skin of the 
ears (fig. 11), even quiescent follicles are 
bent. 

Growing follicles have an outer root 
sheath one or two cells thick, and an inner 
root sheath with the three layers each one 
cell thick. At the bottom of the pilary 
canal, before it disappears, the inner 
sheath becomes thicker and corrugated as 
in the follicles of sheep (Auber, 52). The 
bulb of growing follicles is narrow and 
long (fig. 8). Follicles which produce pig- 
mented hairs have a few dendritic melan- 
ocytes in the upper tHfrd of the bulb, the 
lower two-thirds being unpigmented. The 
dermal papilla is narrow and long (fig. 8); 
its apex is acuminate and continues for a 
distance up the follicle, below where the 
medulla is organized. The dermal papilla 
is avascular even in the larger follicles; 
very few blood vessels surround the lower 
part of the follicle. 

Quiescent hair follicles are short, and 
their bases rest about midway in the dermis 
(figs. 5, 6); the long, narrow hair club is 
surrounded by a thin epithelial sac one 
or two cells thick (fig. 9). The cells of 
the epithelial sacs are round and form a 
pebbly outer wall. The “hair germ” is a 
short, conical peg of undifferentiated cells 
scattered between which are a few dendri- 
tic melanocytes. The cells of the epidermal 
capsule often contain pigment granules. 
This is odd since the follicles are not 
heavily pigmented. Regardless of the 
amount of pigment in the hair shafts 
above the surface of the skin, the club of 
these hairs and the shaft within the follicle 
above the club are unpigmented and non- 
medullated (fig. 9). Melanocytes in active 
hair follicles are discretely located only in 
the upper third of the bulb. Mitotic activ- 
ity is abundant in the lower two-thirds of 
the bulb (fig. 8). The extensive unpig- 
mented part of the bulb is the matrix 
proper. The size of the matrix seems to 
be related to the rate of growth of the hair 
produced. When club hairs are plucked 
from quiescent follicles, the rate of re- 
growth of the hair is a little more than one 
millimeter per day. This growth rate is 
similar to that of the hair of the potto, and 
that of rodents (Mohn, 58), but it is 
nearly three times the rate of growth of 
human hair (Myers and Hamilton, ’51). 
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The basophil staining properties of the 
hair follicles are similar to those of other 
mammals (see Montagna, °56). The 
dermal papilla of active follicles stains 
metachromatically with toluidin blue, 
whereas the papilla of quiescent follicles 
does not. As in all other mammals, the 
outer root sheath of active follicles contains 
abundant glycogen, particularly concen- 
trated around the long keratogenous zone. 
Quiescent follicles also contain glycogen 
in the cells of the epithelial sac (fig. 9). 

Active follicles abound in succinic de- 
hydrogenase activity; enzyme activity is 
most intense in the bulb and in the cells 
of the outer root sheath around the kerato- 
genous zone of active follicles. The epi- 
thelial sac and the hair germ of quiescent 
follicles have moderate enzyme activity. 

The epithelium of the pilary canal and 
the outer root sheath have strongly reactive 
phosphorylase activity (fig. 10). None of 
the other cells in the follicles shows a re- 
action. The entire epithelial capsule 
around the club of quiescent hair follicles 
has an intense phosphorylase reaction 
Cfigy as: 

The dermal papilla of either active or 
quiescent follicles is reactive for alkaline 
phosphatase; no other part of the follicles 
shows a reaction. There are no phos- 
phatase-rich blood vessels around the lower 
part of the follicles. Both active and 
quiescent follicles have a generalized re- 
action for acid phosphatase. Esterases are 
heavily concentrated in the outer sheath 
of active follicles and at the bottom of the 
pilary canal, where the corrugated inner 
sheath disappears. Quiescent follicles have 
a generalized but strong esterase reaction 
(fig. 5). 


The sebaceous glands 


The sebaceous glands are very small. 
They have no specialized duct which 
opens into the pilary canal and practically 
no lumen in the center of the fundus. In 
the scalp and the scrotum the glands are 
larger than elsewhere and have a short 
duct. At the periphery of the acini are 
a few flat, undifferentiated cells, which 
seldom show mitotic activity. The sebace- 
ous glands, then, are poorly developed and 
not highly functional. 


The glands have no peculiarities. Thaj 
flat, peripheral undifferentiated cells ang} 
the cells of the duct, when this is present} 
stain an intense basophil color with tolu| 
idin blue. The differentiated cells havy 
variable numbers of basophil granules be; 
tween the fine lipid droplets. None of thy 
glands contains glycogen; even the duc | 
have no trace of it. | 

The glands have some succinic dehy) 
drogenase in the undifferentiated cells a 
the periphery and in the duct; they hav 
no phosphorylase activity (fig. 11). 
only reaction for alkaline phosphatase i 
localized in the form of sparse, coars§ 
granules in the mature sebaceous cells ii 
the center of the glands. There is a dij 
fuse, but moderately strong, acid phos} 
phatase reaction throughout the glana 
The glands are intensely reactive for non 
specific esterases (figs. 5, 7, 17), but hav 
practically no tween esterases. | 

The only large sebaceous glands are th 
meibomian glands in the eyelids. Thes# 
glands, like those in the eyelids of mos 
other mammals, are surrounded by ma 
fine nerves which contain specific choli 
esterase (Montagna and Ellis, *59b). 


The sweat glands 


One, or occasionally two, sweat gland 
grow together with each hair group (figs. ¢ 
6, 10). The glands are smallest and leas 
numerous on the scalp, the face, and th 
ventral regions, where the hair groups a1 
largest. The glands are large and nume: 
ous on the medial sides of the forearm air 
thigh; they are disproportionately large om 
the medial side of the arm. In the ski 
covering the pinna of the ear, near? 
every hair follicle is associated with 
tiny sweat gland (fig. 11). 

A dilated, variably coiled secretéh 
tubule extends through the dermis and 1 
the subcutaneous fat. The coiled segme! 
opens to the surface by a very narro 
straight duct (fig. 11). Although tH 
glands grow alongside one of the hair fad 
licles, the ducts open separately to tH 
surface near the pilary canal in a fun 
like dilatation. ) 

The variability of the height of the ey 
thelium of the glands, the degrees of dill 
tation, and the differences in the conte? 
of the lumina, suggest that the glands a1 


a different states of functional activity. 
‘this activity is not related to the func- 
ional state of the hair follicles near them. 
| The ducts have an approximate dia- 
eter of 20 u, and are composed of two 
ayers of very low cuboidal cells flatter in 
ine inner than in the outer layer. The wall 
£ the duct is several layers thick at its 
unction with the epidermis. The transi- 
ion between the simple columnar or cu- 
poidal epithelium of the secretory segment 
d the thin, two-layered duct is sudden 
figs. 10, 11). The secretory epithelium 
may be cuboidal or tall columnar, with 
he apices of the cells protruding into the 
umen. 

} In the duct, the basal cells stain intensely 
with toluidin blue; the luminal cells, 
which are partially hyalinized stain 
weakly. In the tall columnar secretory 
pells, basophil granules are clustered at 
he base of the cells and around the nu- 
fleus, but the luminal cytoplasm is free 
pf such granules. In the cuboidal cells the 
granules may extend practically to the 
ree surface. The cuboidal cells have one 
spherical nucleus; the tall cells often have 
‘wo spherical or oval nuclei. The con- 
sent of the glands is rarely basophil, but 
hat in the orifices of the ducts is intensely 
30. 

; The cells of the duct, and particularly 
shose at its junction with the secretory 
part, contain glycogen; the terminal part 
pf the duct near the orifice is free of it. 
{Dust-like granules of glycogen may also 
pe found in some of the tall secretory cells. 


PAS-positive granules, particularly in the 
lands of the scrotum (fig. 12), those in 
rhe eyelids (glands of Moll), and those in 
¢he palms and soles at the transition of 
fBlabrous and hairy skin. Elsewhere on 
the body the glands may or may not have 
jsuch granules. Regardless of the presence 


‘contain PAS-positive pigment granules, but 
10ne of the other glands contain recogniz- 
able pigment. 

The cells of the ducts contain practic- 
ally no succinic dehydrogenase activity, 
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but the secretory cells are full of coarse, 
reactive granules. The myoepithelial cells 
have practically no reaction. The duct 
has a moderate to strong phosphorylase 
activity. In contrast with the findings in 
other primates, the cells of the secretory 
cells also have a moderate to strong phos- 
phorylase reaction; the myoepithelial cells 
have the most intense concentration of the 
enzyme (figs. 10, 11). The ducts have a 
very weak alkaline phosphatase reaction, 
the secretory cells have a strong reaction 
only in the apical part toward the lumen 
(fig. 13). The glands have a moderate re- 
action for acid phosphatase, and a very 
strong reaction for esterases (fig. 5). 


The brachial organ 


The skin on the medial side of the arm 
is so rich in large tubular coiled glands 
that the difference from the other skin is 
palpable. In shaved, live animals this re- 
gion becomes covered with a watery, yel- 
lowish fluid with an unpleasant smell. 
This specialized glandular region, which 
was discovered and described briefly by 
Hill (756), is the brachial organ. 

The short, narrow ducts of the glands 
of the brachial organ open to the surface 
independent of hair follicles (figs. 16, 17). 
The total diameter of the duct is less than 
the height of the secretory cells. The gen- 
eral structure of the glands is similar to 
that of the apocrine glands elsewhere on 
the body. The secretory cells, however, are 
very tall, and the myoepithelial cells are 
larger (figs. 14, 15). 

The duct contains some glycogen only 
in the basal cells. The spectacularly tall 
secretory cells (fig. 14) may contain 
coarse glycogen granules above the nu- 
cleus, together with faintly PAS-positive 
saliva digestible granules and plaques. 
The large secretion droplets inside of, or 
attached to the apex of the cells are never 
PAS-positive (figs. 14, 15). The secretion 
within the lumen of some tubules is 
strongly PAS-positive and saliva resistant 
with clear, unreactive globules scattered 
through it (figs. 15); in other tubules the 
secretion consists entirely of PAS-nega- 
tive globules. The luminal cytoplasm of 
the secreting cells is full of secretion fluid, 
which seems to ooze out of the cell into 
the lumen. The secretion material in the 
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ducts near the excretory orifice and that 
encrusted on the surface of the skin is 
PAS-positive. 

Some basophil granules are clustered at 
the base of the secretory cells below the 
nucleus. The upper half of the very tall 
cells is either achromic or it stains very 
lightly with toluidin blue. The cytoplasm 
that bulges into the lumen and the intra- 
and extracellular droplets are always 
achromic. In some glands the secretion 
within the lumen may be composed en- 
tirely of achromic or slightly basophil 
globules; in other glands it may be homo- 
geneous and intensely basophil. In some 
glands the homogeneous, basophil colloid 
may contain achromic globules scattered 
through it. Regardless of the appearance 
and staining property of the secretion, the 
luminal border of the secretory cells is 
always covered with a barrier of achromic 
globules which look like soap bubbles being 
released from the cells. The content of 
the duct and the incrustations on the outer 
surface of the skin are always intensely 
basophil. This corresponds completely to 
the PAS reactivity of the secretion. The 
secretion of these glands, then, is first 
achromic and PAS-negative, but on stand- 
ing it attains both basophilia and PAS 
reactivity. 

The duct has a low reactivity for suc- 
cinic dehydrogenase, but the secretory cells 
are replete with reactive granules; those at 
the base of the cells are aligned along the 
axis like basal rodlets or striations. Even 
the cytoplasmic blebs that protrude into 
the lumen have a strong succinic dehydro- 
genase reaction. The myoepithelial cells 
are practically non-reactive. The glands 
are rich in phosphorylases (figs. 16) and 
esterases (fig. 17). They differ from the 
other glands in having a reaction for 
alkaline phosphatase so strong that after 
incubation for a few minutes in the sub- 
strate the color produced is so deep that all 
details become masked (fig. 18). With 
this exception, the histochemical attributes 
of the glands of the brachial organ are 
similar to those of the other apocrine 
glands. There is, however, one profound 
difference between these and the other apo- 
crine glands: the glands of the brachial 
organ are surrounded by nerves rich in 
cholinesterases which attack both acetyl- 


thiocholine and butyrylthiocholine sub- 
strates. The reaction in the nerves is 
stronger with butyrylthiocholine and the 
enzyme must be mostly nonspecific cholin- 
esterase. 


| 
The glands of the palms and soles 


These sweat glands are embedded in the 
thick subcutaneous fat, and their straight, 
narrow ducts open at spaced intervals 
along the crests of the epidermal ridges: 
(fig. 24). The path of the duct inside the 
epidermis is straight or slightly coiled., 
The duct joins the thick secretory coil 
abruptly and the gross appearance of the 
gland is that of an apocrine gland. The 
wall of the ducts has two layers of flat 
cuboidal cells, the luminal ones being flat- 
ter than the basal ones. The duct is 
thicker where it joins the secretory coil, 
proximally, and the epidermal ridges, 
distally. The secretory tubules are lined 
with cuboidal or pyramidal cells (fig. 19).: 
A thick layer of myoepithelial cells sepa- 
rates the glandular cells from the thick 
basement membrane. 

The secretory cells are all alike and dif- 
ferent from either the dark or the clear: 
cells of the glands of the higher primates.. 
The cells are pyramidal with the nucleus 
pressed against the base, like that of: 
mucous cells. The cytoplasm is full of: 
colorless globules between which can be 
seen small, basophil granules (fig. 19).. 
The globules stain a faint metachromatic: 
color with toluidin blue. 

Most of the cells of these glands con-. 
tain neither glycogen nor other PAS-reac- 
tive material (figs. 20, 21). The cells; 
of the duct at the junction with the secre-. 
tory cells have some small PAS-positive 
granules, which are of no consequence., 
In spite of this, the glands often contain’ 
moderately PAS-positive, saliva resistant! 
granules, and the duct always contains a: 
strongly positive colloid. These particular: 
features are like those of the glands of: 
the brachial organ. 

The sweat glands of the palm and sole: 
are no more strongly reactive for succinic 
dehydrogenase activity than the glands; 
elsewhere on the body. The cells of the: 
duct are weakly reactive, and the secretory: 
cells have a moderately strong reaction., 


THE SKIN OF 


‘he myoepithelial cells are nearly unre- 
‘ctive. The entire gland shows a moderate 
action for phophorylase activity; the 
nyoepithelial cells are intensely reactive 
figs. 22, 23). 

The glands have scant reactivity for 
Ikaline phosphatase, and moderate reac- 
Wvity for acid phosphatase. The secretory 
oil is also moderately reactive for non- 
jpecific esterases, and the ducts are weakly 
pactive (fig. 24). 

| The secretory coils are surrounded by 
erves which contain both acetylthiocholin- 
sterase (figs. 25, 26) and butyrylcholin- 
isterase, the latter showing the strongest 
This means that the nerves 
jontain both specific and nonspecific 
ese. 


ermal ridges of the palms and soles con- 
| numerous, round Meissner corpuscles 
Wig. 25), which contain both cholin- 
sterases. Cholinesterase-rich nerves form 
etworks around the bases of the epi- 
ermal ridges and around the junction of 
ae sweat gland ducts with the epidermis. 
acinian corpuscles are very large in the 
jalms and soles (fig. ’27); the core of 


The dermis 


| The dermis is relatively thick and con- 
sts almost entirely of a fibrous reticular 
A very thin papillary layer com- 
sed of delicate collagenous fibers and a 
w fibroblasts separates the epidermis 
rom the reticular layer. Blood vessels are 
(dom seen rising to the surface. The 
ndothelium of the few cutaneous vessels 
) seldom reactive for alkaline phosphatase. 
he dermis of the palms and soles, how- 
ver, has a good papillary layer and moder- 
ely numerous capillary loops whose endo- 
ielium is strongly alkaline phosphatase 
\sitive. The cutaneous appendages are 
most in contact with the reticular layer, 
‘hd what vessels surround them do not 
ave an endothelium reactive for alkaline 
osphatase. A few elastic fibers are 
und mostly between the collagenous fi- 
lbrs in the deeper parts of the dermis. 
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The small arteries and arterioles which 
traverse the dermis, particularly in the 
vicinity of the cutaneous appendages, are 
surrounded with a very scanty bed of areo- 
lar tissue. The dermis in the brachial or- 
gan and in the scrotum, however, is more 
richly vascularized than that elsewhere. 
The large, smooth muscle fibers of these 
vessels, which are largely oriented trans- 
versely, contain glycogen, and they are 
rich in phosphorylase activity. The large 
nerve trunks have strong phosphorylase 
reaction in the myelin sheath. In the 
scrotum, numerous nerve fibers, rich in 
acetylcholinesterase, are found near the 
surface of the dermis. Small, oval tactile 
end-organs in the skin of the scrotum con- 
tain both specific and nonspecific cholin- 
esterases. 

The dermis has a remarkably scanty cell 
population. Some dermal dendritic melan- 
ocytes are found consistently only in the 
scrotum. Mast cells are few, except in the 
perivascular beds of the brachial organ, 
lips, scrotum and the palms and soles. 
Mast granules are well preserved by the 
fixatives used; they have varying degrees 
of metachromatic stainability and are 
strongly PAS-positive. 

The slender loris has an _ extensive 
dermal musculature (Hill. 53); with very 
few exceptions, such as the gular region, 
the medial and distal surfaces of the ap- 
pendages, etc., the skin has a good pan- 
niculus carnosus. The scrotum has a very 
thick tunica dartos, discontinuous and 
broken up by blood vessels, glands and 
hair folicles. 


DISCUSSION 


The many generalized features of the 
skin of the slender loris suggest that it is 
very primitive. Although the hair tracts 
depart considerably from the simple basic 
pattern found on the body of Ornithorhyn- 
chus (Brandt, 40), they have remained 
fairly simple. The hair is fine and woolly 
and distributed in large, poorly defined 
hair groups like those of the potto (Mon- 
tagna and Ellis, 59). Klaar (’24) records 
5 to 9 hairs per group, but the disparity is 
much greater than he indicates, there be- 
ing 4 to 20 anywhere on the body. Hair 
follicles are long and narrow, poorly vascu- 
larized, and resemble those of rodents. The 
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hair groupings, and the follicles, then, are 
fairly primitive. Two distinctive features 
of the hair follicles, however, at once place 
them among those of primates. Quiescent 
follicles contain glycogen and all follicles, 
active or quiescent, are rich in phos- 
phorylase. 

Since the groups of hair follicles are 
characterized by the presence of one apo- 
crine sweat gland, the development of the 
glands seems to be related to the aggrega- 
tion of the follicles into groups. Groups 
containing large numbers of follicles fre- 
quently have two apocrine glands. Thus, 
there seems to be a direct relation betwen 
the number of hair follicles and the num- 
ber of glands per group. 

The developmental history of these 
glands is not known. Like those of other 
lorisoids, they open separately to the sur- 
face of the skin and not into a pilary canal. 
This is in contrast with the apocrine 
glands of man and of some of the higher 
primates, which usually open into the 
pilary canal. Not knowing what the skin 
of the fetus is like, it is not possible to be 
sure if these glands develop from the sur- 
face epidermis, or as appendages of hair 
follicles. 

The glands in the skin of the loris are 
morphological models of apocrine glands. 
Even some of their histochemical char- 
acteristics, such as the lack of glycogen, 
and intense concentrations of esterases, 
are concordant with the attributes of apo- 
crine sweat glands. However, the apo- 
crine glands of the loris abound in phos- 
phorylase activity, and this makes them 
different from the apocrine glands of 
all other animals we have studied, includ- 
ing those of the potto (Montagna and 
Ellis, 59), which are free of this enzyme. 
These glands, then, embody some of the 
properties of both eccrine and apocrine 
glands. The glands of the brachial organ 
depart even more strikingly from the spe- 
cialized features of the apocrine glands of 
man, in being altogether free from hair 
follicles, in containing phosphorylase, and 
in being surrounded with nerves that con- 
tain cholinesterases. 

Nearly all primates studied have some- 
where on their bodies specialized skin 
areas in which are concentrated large apo- 
crine glands. The brachial organ of the 


slender loris represents such a specialized 
glandular field. Similarly specializec 
glandular skin is found over the genitaj 
areas of the potto (Montagna and Elli | 
59), and the lemurs have certain arm) 
glands on the flexor side of the arm (Sut 
ton, 1887). Similar specialized glandulaj 
areas are also found in the skin at thi 
ventral base of the tail of platyrrhini (Hi 
et al., 59). Even in man, the axillary 
organ is comparable to these speciale 
glandular areas of skin. The glands it 
these areas all secrete variably fetid sul 
stances and are well developed in botl 
sexes. This appears to be one of thy 
peculiarities of the skin of primates. 
The glands of the palms and soles ar 
also peculiar. Their gross morphology # 
like that of apocrine glands. They an 
singularly different from the eccrine gland 
of man and of other mammals. The 
have no recognizable clear and dark ce 
such as are found in the glands of ma’ 
and other primates. The cells have nur 
erous, nearly achromic secretion granules 
unlike those found in the eccrine gland 
of other animals. Their most unusué 
feature is that they have no glycogen iff 
the secretory cells, even though they haw 
abundant phosphorylase activity and am 
innervated by nerves rich in cholinesterase 
These glands have a striking resemblanc# 
to the glands with “reticulated cytoplasm: 
found in an occasional, apparently norm: 
human being (Holyoke and Lobitz, ’52) 
The eccrine sweat glands of the slow lor: 
are strange. They have little resemblana« 
to most eccrine glands we have seen, an} 
we do not know enough comparative ani 
tomy to be able to tell what phylogenet} 
significance they have. . 


SUMMARY 


1. The epidermis, except for that ove 
the scrotum and on the palms and soleg 
is very thin. Dendritic melanocytes 
found predictably only in the epider 
of the scrotum; elsewhere it is free ‘ 
melanin. The epidermis contains a nun 
ber of enzymes, including phosphorylas 

2. The very long and narrow hair fe 
licles grow in groups of 4 to 20. Ha 
follicles, active or quiescent, contain gl! 
cogen and phosphorylase activity. The cel 
of the epithelial capsule of quiescent fe 
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cles contain melanin granules, even 
nough active follicles have very little pig- 
1ent. 

| 3. The sebaceous glands are very small 
ad relatively inactive; they contain abun- 
ant esterases but have neither glycogen 
or phosphorylase. 

} 4. Apocrine sweat glands are distrib- 
ited one or two to each hair group. These 
ands have all of the attributes of apo- 
rine glands. However, they have a rich 
pntent of phosphorylase activity in strik- 
ag contrast with the apocrine glands in 
ther mammals we have studied. 

| 5. In the skin on the medial side of 
he arm are concentrated numerous, large 
pocrine glands which constitute the bra- 
hial organ. The glands of the brachial 
rgan differ from those elsewhere on the 
fody in being very rich in alkaline phos- 
atase and in being surrounded by nerves 
Hhich contain cholinesterases. 

6. The general shape of the eccrine 
Hands on the palms and soles is like that 
if apocrine glands. The secretory cells 
fre peculiar in being all of one type, in 
faving a cytoplasm replete with achromic 
franules, and in being free of glycogen. 
| 7. These details and others listed sug- 
st that the skin of the slender loris is 
ery primitive. 
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PLATE 1 


EXPLANATION OF FIGURES 


1, 2,3, and 4. Different attitudes of a healthy male slender loris posed in the laboratory. 


PLATE 1 


HE SKIN OF PRIMATES. II 


i 
= 
cat 
< 
uo) 
4 
@ 
Ss 
iS) 
4 
al 
ue} 
q 
@ 
@ 
S 
tel) 
@ 
rey 
g 
° 
S 
I 
@ 
“4 
= 
eal 
> 


he 


30 


PLATE 2 


EXPLANATION OF FIGURES 


Frozen section of the skin of the back, demonstrating non-specific esterases. This 
section shows the arrangement of hair groups; the skin between each hair group is 
free of hair follicles. All of these follicles are quiescent. The small sebaceous glands 
appear as humps on the side of the follicles very near the surface (arrows). Only 
one of the hair groups shows an apocrine sweat gland (light arrow); this is strongly 
reactive for nonspecific esterases. Approximately x 50. 


Very thin frozen section from the lateral side of the forearm, lightly treated to show 
phosphorylase activity, showing a hair group associated with two apocrine glands 
(arrows). Note that each hair follicle opens individually to the surface. Approxi- 
mately x 50. 


Frozen section of skin from the back treated for nonspecific esterases. One of the 
longer hair follicles is present in its entirety. The hair shaft is heavily medullated 
and the medulla is arranged in cells which contain air spaces. Approximately x 50. 


The elongated bulb from an active hair follicle. The narrow, long dermal papilla is 
clearly seen; its apex is not in the plane of the section. This is from the skin of the 
axilla, in which most of the hairs are colorless, and, therefore, there are no dendritic 
melanocytes in the upper third of the bulb. Approximately x 200. 
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PLATE 3 


EXPLANATION OF FIGURES 


Quiescent hair follicles from the back. The straight arrow points to the non-pigmented 
club and hair shaft. The curved arrow points to the epithelial capsule which contains 
glycogen. The white arrow points to the hair germ below which may be seen the 
dermal papilla. Section treated with the PAS reaction. Approximately x 150. 


Relatively superficial frozen section of the lateral surface of the arm showing parts 
of few hair groups associated with one sweat gland (black arrows). The very narrow 
duct (white arrow) may be seen in one of the glands. This section was treated to 
show phosphorylase activity. The outer root sheath of the active hair follicles, as 
well as the duct and secretory portion of the apocrine sweat glands, are strongly 
reactive for phosphorylase. Approximately x 65. 


Strong phosphorylase activity in the skin from the ear. The surface epidermis, the 
epithelial capsule of the quiescent follicle, and the apocrine sweat gland are all 
reactive. The skeletal muscle deep in the section as well as the chondrocyte (black 
arrow) are strongly reactive. The white arrow points to the sebaceous glands which 
are non-reactive for phosphorylase activity. Approximately x 50. 


Section through the secretory portion of apocrine glands in the scrotum, treated with 
PAS. The tall columnar cells bulge into the lumen. The gland contains a moderately 
PAS-positive flocculent secretion. The small glycogen granules, as well as the PAS- 
positive, saliva resistant granules found in apical portions of the cells, are not well 
shown in this preparation. Approximately x 500. 


33 


PLATE 3 


THE SKIN OF PRIMATES. II. 
William Montagna and Richard A. Ellis 


H 


} 


34 


13 


14 


15 


PLATE 4 


EXPLANATION OF FIGURES 


Alkaline phosphatase in the apocrine gland in the skin lateral to the brachial organ. 
Contrast this figure with figure 18. Approximately x 50. 


Section through one of the glands of the brachial organ, showing the very tall epi- 
thelium. This preparation was treated with the PAS reaction, and shows the content 
of the lumen moderately PAS-positive, and scattered through it are PAS-negative glob- 
ules. Similar globules are also found intracellularly (arrow). Compare with figure 15. 
Approximately x 350. 


Section through a gland of the brachial organ prepared with the PAS reaction. The 
arrow points to the junction of the gland with the duct. This portion of the duct 
contains some glycogen. The content of the lumen of the gland is strongly PAS- 
positive, but it still contains a few PAS-negative globules. Approximately x 350. 
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PLATE 5 


EXPLANATION OF FIGURES 


Frozen section of skin of the medial side of the arm treated to demonstrate phos- 
phorylase activity. The arrow points to the ducts of one of the glands which opens 
to the surface of the skin independent of hair follicles. The gland is strongly reactive 
for phosphorylase. Approximately x 50. 


Frozen section of the skin of the medial side of the arm, treated to demonstrate 
nonspecific esterases. Strong esterase activity in the surface epidermis, in the pilary 
canals, and in the sebaceous glands. The apocrine glands are very strongly reactive, 
but their duct is not (arrow). Approximately x 50. 


Strong alkaline phosphatase activity in the glands of the brachial organ. Compare 
this with figure 13. Approximately * 50. 
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PLATE 6 


EXPLANATION OF FIGURES 


Transverse section through the secretory portion of an eccrine sweat gland from the 
palm, stained with toluidin blue buffered to pH 4.5. The nuclei are all pressed at the 
base of each cell, and the cytoplasm is full of very lightly stained granules between 
which are strongly basophil granules. These cells resemble mucus secreting cells. 
Approximately x 500. 


Section through some of the coil of an eccrine gland from the palm, treated with 
PAS. There are no glycogen or other PAS-positive granules. Approximately x 100. 


As in figure 20, but digested with saliva before being treated with PAS. There are 
no PAS-positive, saliva resistant granules. Compare with figure 20. Approximately 
x 100. 


Frozen section of the palm showing phosphorylase activity. The epidermis (white 
arrow) has moderate activity, the duct of the gland has better activity, and the coils 
of the tubules (curved arrow) have the strongest reaction. Approximately x 50. 
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PLATE 7 


EXPLANATION OF FIGURES 


Phosphorylase activity in the secretory coils of the eccrine glands of the palm. This 
is a frontal section through the secretory tubules of the glands. The reactivity in the 
tubules is strongest toward the reriphery, or in the myoepithelial cells. Approxi- 
mately x 75. 


Thick frozen section through the palm showing nonspecific esterase activity. The 
epidermis and the epidermal ridges are intensely reactive. The ducts of the eccrine 
glands (arrow) are weakly reactive and the secretory coils of the glands are mod- 
erately to strongly reactive. Contrast the relative diameter of the secretory tubules 
with that of the ducts. Approximately x 50. 


Section through the palm, showing acetylcholinesterase, lightly counterstained with 
paracarmine. The corpuscles of Meissner (white arrows) are intensely reactive but 
the nerves that emerge from them are not. The secretory coils of the sweat glands 
are surrounded by reactive nerves but the ducts (black arrows) are not. Approxi- 
mately x 50. 


Higher magnification of the same preparation showing a greater detail of the nerves 
surrounding the secretory coils of the eccrine sweat glands. The ducts (arrow) con- 
tain no visible nerves around them. Approximately x 100. 
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PLATE 8 


EXPLANATION OF FIGURES 
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27 Pacinian corpuscles from the palm, stained with the PAS technique and counter- 
stained with hematoxylin. The general configuration of this corpuscle is like that of ~ 
most other mammals, but the central body is very large and mildly PAS-reactive. ) 
Approximately « 250. | 
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opulational Analysis of Finger and Palm Prints in 
ighland and Lowland Maya Indians' 


MARSHALL T. NEWMAN 
Division of Physical Anthropology, U. S. National Museum 


Washington, D. C. 


In 1947 and 1949 T. D. Stewart (’47) 
ducted anthropometric surveys of 4 
laya-speaking communities in the Guate- 
alan Highlands, with the view of discern- 
ie their biological relationship to the Low- 
ad Maya of Yucatan. Included in his 
ld studies were finger and palm prints of 
© same people that were measured. The 
ady of these prints was begun by Harold 
mmins, but the press of other duties 
evented him from completing more than 
out half the formulations so the remain- 
% formulations and the analysis were 
ned over to me. 
Early in his Guatemalan work Doctor 
»wart realized that the problem not only 
olved measures of biological distances 
‘ween Highland and Lowland Maya, but 
io differences between his 4 Highland 
mples. This order of problem, however, 
uch more restricted than in the usual 
‘matoglyphic studies where comparisons 
#samples are almost invariably broad and 
ercontinental in scope. Within the abo- 
final Americas, for example, Cummins 
1 Midlo (’43, pp. 259-264), Wolfe (’50, 
{ 4), and Rife (’53, p. 324; °54, table 3) 
‘used very gross geographic divisions 
Bresponding to the Eskimo and the North, 
idle, and South American Indians. The 
hcipal measures of expression of the 
mal ridge patterns used in these studies 
themselves rather gross and were de- 
ed to distinguish the large blocks of 
kind rather than for comparison of 
ulations. 
deally the best dermatoglyphic solu- 
fis to such population problems call for 
Ire sensitive methods of analysis than 
currently available. But development 
»ptimal methods for populational anal- 
; would entail detailed examination of 
y facets of an active research field 


that goes back to Galton and represents a 
major undertaking. In any event, it seems 
proper to first test the established methods 
on the new populational medium. In itself 
this approach requires more information 
than is usually available on the nature 
of the dermatoglyphic samples and the 
populations from which they were drawn. 
Fortunately for the present study, Stewart 
recorded the name, sex, age, birthplace, 
and language for each subject, and has 
anthropometric measurements and in some 
cases ABO and MN blood groups for them. 
To this extent, then, the natures of the 
samples are known. Place of birth data, 
combined with what is known or can be 
reasonably inferred about the communities, 
provide information on the populations 
themselves. Some idea of the past rela- 
tionships of these populations can be in- 
ferred from pertinent portions of the 
archeological record and from modern 
linguistic analysis. 

The present paper, then, shows what can 
be accomplished by established dermato- 
glyphic methods in discerning the biolog- 
ical distances between Maya populations. 
In addition to considering the natures of 
the samples and their parent populations, 
statistical means of appraising the signifi- 
cance of intersample differences have been 
brought into play. Matters of variability 
within each population sample, however, 
are not as readily approached by the estab- 
lished methods. For the samples under 
study, the standard deviations of the two 
prinicipal determinants are either so uni- 
form as to hold no hope of significant dif- 
ferences or are distorted by errors inherent 
in small samples (see tables 1 and 3). 


1 Based on materials collected by T. D. Stewart. 
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MATERIALS AND METHODS 


The Highland Maya samples Dr. Stewart 
obtained in Guatemala (see fig. 1) are: 

1. Soloma (San Pedro Soloma). A small 
village of under 1,000 people in the Cuchu- 
matanes Mountains, Department of Hue- 
huetenango. These people speak the Kan- 
hobal (Kanjobal) language of Maya. Of 
the 91 males for which prints are avail- 
able, 83 were born in Soloma, 5 in neigh- 
boring Santa Eulalia, and three in San 
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Juan Ixcoy. Twenty-four of the 25 female 
were born in Soloma, one in Santa Eulalii 

2. Solold. A large town on the nort 
side of Lake Atitlan, Department of Sololi 
According to McBryde (45, p. 98), @ 
years ago the population of Solola we 
11,319, including a sizable proportion 
racially mixed Ladinos. At Solola, Ca 
chiquel is spoken. In the male series 
82, 77 were born in Solola, three in S 
Jorge de Laguna (an aldea of Solola 
the lake) and two in Canton Chuiquel 
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uisiguan (caserios of Solola). No prints 
‘women were obtained. 

3. Patzin. A medium-sized town on 
ie eastern edge of the Lake Atitlan Basin, 
epartment of Chimaltenango. Like 
lola, Cakchiquel is also the language 
yoken. Of 72 males in the sample, 70 
ere born in Patztin, two in Panimaquin 
ad Chipiasol (caserios of Patztin). All of 
le 35 females were born in Patzin. 

4. Santa Clara laLaguna. Arural com- 
unity just northwest of Lake Atitlan and 
the Department of Solola. The language 
poken there is Quiché. According to Mc- 
ryde (45, p. 98), the 1921 census lists 
)population of 1,428. Fifty-three of the 
» males were born in Santa Clara, 9 in 
nnta Lucia Utatlan nearby, and one each 
*' Santa Maria Visitacién, Totonicapan, 
nd San Pedro (Jocopiles). Two more 
mre born in Finca Horizonte and Baja 
lista near Chicacdao in the adjacent depart- 
ent of Suchitepequez. 

All population samples, then, are adult 
iid therefore for the most part represent 
le actual breeding population. All speak 
jaya. The Soloma people speak Kanhobal, 
} Solola and Patzin Cakchiquel is spoken, 
hd Quiché is spoken at Santa Clara. Ra- 
lally they are Indian, but with a definite 
fough probably minimal amount of White 
jimixture. Dr. Stewart indicates that al- 
jough he took his subjects as they came 
} were unwillingly brought to him, any 
lat were obviously admixed with Whites 
re rejected or noted in the records. 

| All but the Soloma sample are from the 
hke Atitl4n Basin. The air distances be- 
teen Santa Clara and Solola, and Solola 
hd Patzin are about 10 and 15 miles, re- 
fectively. All three communities are cur- 
it tly interconnected by routes of trade. 
he village of Soloma, however, lies to the 
Arth in the San Juan River drainage of 
le rugged Chuchumatanes Mountain re- 
lon, and is quite separate topographically 


ka. As we shall see, the cultural and 


ry probably the racial relationships of 
loma lie to the north and across the 
exican border into Highland Chiapas. 

While it is not wholly clear that each 
ithe 4 communities constitutes a natural 
} breeding population, there is a strong 
ference from Stewart’s place-of-birth 
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data that this is the case. This inference 
is supported by Lasker’s (’54, p. 358) 
statement that “In contemporary Middle 
America it appears usual that the populated 
place, whether rancho, pueblo, or cabecera, 
is coextensive with the breeding com- 
munity.” Except for two individuals stud- 
ied in the hamlet of Santa Clara La Laguna 
all subjects were locally born. Almost all 
subjects, then, were born in the community 
studied by Stewart, or in caserios or other 
habitation units dependent upon that com- 
munity. This bespeaks local endogamy 
and current population stability, although 
nothing is known of the situation in past 
generations. 

Size of population varies considerably 
for the 4 samples. Soloma and Santa Clara 
are small rural settlements of 1000-2000 
people, and Patzin and Solola are con- 
siderably larger. While population size 
does not appear to be reflected in the sam- 
ples, at least within the scale of analysis 
of them, there are two possible effects. In 
theory, any effect of random genetic drift 
may be minimal in the larger populations, 
especially if offset by gene flow (cf. Lasker, 
04, p. 360). Yet it is there in the larger 
population centers that Ladinos are nu- 
merous, and opportunities for inflow of 
White genes into the Indian populations 
could expectably be heightened. 

Linguistically the Soloma population is 
set off by itself. According to McQuown 
(756, p. 195), Kanhobal, along with Jacal- 
tec and Solomec, form the Kanhobalan 
subgroup of Maya languages. Cakchiquel 
and Quiché, with three other languages, 
make up the Quichean sub group. No glot- 
tochronological data are available on the 
time of separation of these subgroups or 
the languages within them. Inferentially 
these times of separation need not have 
been very long ago since Huastec, the most 
different language in the Maya family, and 
Cakchiquel have a calculated minimum 
divergence of 3600 years (Swadesh, ’58, 
p. 672). For Cakchiquel and Quiché, 
McQuown’s (’56, p. 195) classification and 
their proximity and extensive trade rela- 
tionships suggest that these two languages 
had a not too distant common origin. 

On the basis of archeological materials, 
there is a clear-cut separation between the 
region north of the Chuchumatanes es- 
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carpment and the Lake Atitlan region 
(Stephan F. Borhegyi, personal commun- 
ication). In Borhegyi’s (56, fig. 107) map, 
both are designated as Area C principally 
because this whole area appears to have 
been relatively uniform in the Pre-Classic 
horizon (2000 sB.c.—200 a.p.). This uni- 
formity progressively broke down in the 
succeeding Classic (200-1000 a.p.) and 
Post-Classic (1000-1524 A.D.) periods. 
Thus for these last two periods, Borhegyi 
would now divide Area C into two sub- 
sections corresponding to the Highland 
area of Guatemala and Chiapas north of 
the Chuchumatanes escarpment, and the 
Lake Atitlan Basin. On the modern level, 
McBryde (’45, p. 7) notes that “there are 
certain cultural characteristics of the Chu- 
chumatanes region that resemble the Las 
Casas region of Chiapas (Mexico) and that 
distinguish it somewhat from the rest of 
Guatemala.” The line of cultural, linguis- 
tic, and probably racial separation, then, 
is the steep southern escarpment of the 
rugged and extensively dissected Chuchu- 
matanes mountains, the highest massif in 
Central America. Linguistically, the south 
Chuchumatanes escarpment and part of 
the Sierra Madres separates Tzeltalan, 
Chuh, Kanhobal, and Mam to the north 
from Quichean and Kekchian to the south. 
Only Quiché is found on both sides of this 
barrier (Siverts, 58, p. 178). The prob- 
able biological separation at the Chuchu- 
matanes barrier is one of the several main 
points to be developed in the present paper. 

In the ensuing analysis, male and fe- 
male samples are treated separately in 
comparing the 4 Guatemalan Highland 
samples. Since female samples are small 
in size and are only available for Soloma 
and Patzitn, they are useful largely in con- 
firming or negating the direction of differ- 
ences between the male samples from these 
communities. The broader regional com- 
parisons between Highland and Lowland 
Maya depend upon published series where 
males and females have been considered 
together (Cummins and Steggerda, 36; 
Steggerda et al., 36). Accordingly, for 
these comparisons the female samples col- 
lected by Stewart have been pooled with 
their male counterparts. 

In addition, for these broad regional 
comparisons other samples collected by 
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Stewart were utilized. Although too sma 
in number to be considered by themselves 
these samples were added to their apprq 
priate regional sample. Thus a sample o 
13 Mam-speaking males from Todos Santo 
Cuchumatan and environs was _ place? 


land Chiapas samples (Leche, ’36; Lechj 
et al., 44) to form a North Highland 
regional sample. Samples of 12 misce} 
laneously located Quiché-speakers, 10 Cakj 
chiquel and three Zutuhil were added t4 
the South Highland (Lake Atitlan) i) 
gional sample. | 
The methods used here in formulatin} 
the finger and palm patterns follow th 
instructions of Cummins and Midlo C42 
chaps. 4 and 5). Since Cummins himse} 
had already formulated the palm patte 
for the Solola and Patzin samples, thes! 
were carefully restudied to afford greate 
consistency in formulating the rest. Fe 
the finger patterns, formulations were firs 
made for the subtypes of the standan 
whorl-loop-arch designations (Newma 
36, table 1). The expectation was th: 
these subtypes might show significar 
interpopulation differences where the thref 
gross designations might not. In the cours# 
of formulation, however, it became appa# 
ent that the subtypes could only be e 
curately diagnosed when the print of tk 
individual was wholly clear. But in prinf 
ing, the scarred and calloused finger-tips | 
uncooperative subjects often result in 
distinct and smeared patterns only | 
cipherable by the gross designation 
whorl, loop, or arch. For this reason tl 
incidences of pattern subtypes that are @ 
cipherable are as much an artefact | 
printing as they are biologically meanir 
ful figures. Thus finger pattern subtyp 
were not used in the ensuing analys#, 
Ridge counts were precluded for the sani. 
reasons. 
As Cummins (personal communicatioy} 
has pointed out, artefacts in printing c . 
also affect the incidence of hypothenar p) 
terns on the palm. Unless the palm is ca: 
fully rolled ulnar-side first across the priif, 
ing paper, the hypothenar pattern thatif. 
present may not be secured at all. 
consequence the absence of a pattern! 
recorded although one is actually there. 


4 


‘Selection of dermatoglyphic determina- 
ms has been based upon the principle of 
irsimony as well as upon demonstrated 
ality in published comparisons on New 
orld series. Thus the index of finger 
ittern intensity 

(2X % whorls + 1 x % loops) 

! 10 

'a good general indicator of the propor- 
bn of highly expressed patterns, namely 
Horls, to essentially no patterns at all, as 
jr example arches. This index is based 
bon the same idea as the indices of Furu- 
jta’s ('27) and others, and therefore the 
he of more than one index is unnecessary 
plication. Further, the index of pattern 
itensity shows regular regional reductions 
pm the Eskimo to North American In- 
fans, and then to Indians of Middle and 
puth America. Thus it shows biologically 
eaningful differences between groups of 
ppulations similar to those involved in 
ye present study. Besides, although sta- 
#tical validations of differences between 
ean indices of pattern intensity have 
jen little used, the index is susceptible to 
is sort of treatment if the standard de- 
gation of individual intensity scores 
jdual scores for the sum of 10 digits of 
ich individual in the sample can be cal- 
lated by giving the value of two to each 


ich. Then the differences between means 
4 Samples can be compared in terms of 
2 value of t in a probability table where 


— 4|_ (Ni +N) (Ni? + Noo?) 

= Ni No( (Ni — 1)4+(N2—1))° 

it and M2, and o: and o are the means 
Wd standard deviations of the two sam- 


mT 


jlue for P from the probability table, there 
(ily remains the quite arbitrary decision 
to what level of confidence constitutes 


leen M; and M2. In practice a statistically 
Wnificant difference is usually assumed 


he most generally used measure of the 
al ridge configurations of the palm is 
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the main-line index. This index is an arbi- 
trary expression of the proximal termina- 
tions of the triradii at the base of the 
second and fifth fingers, known as main- 
lines A and D. It is therefore not a pro- 
portion or a series of categories, but “.. . 
a summation of values describing the 
courses of these two main lines” (Cum- 
mins and Midlo, 43, p. 114). Although 
main-line D terminations are assigned 
values equivalent to those of main-line A 
in terms of their transverse or longitudinal 
character, the association between their 
courses is not a rigid one. Thus main-line 
D could terminate in position 11, and 
main-line A in position 1 for the same 
hand. The arbitrary values, respectively, 
are 6 and 1, totaling 7. The same formula- 
tion of 7 can also be achieved in other 
ways; for example, main-line D could ter- 
minate in position 9 (value of 4), and 
main-line A in position 3 (value of 3). It 
is precisely this variability of values result- 
ing in the same score for individual formu- 
lations that prompted one of my colleagues 
trained in statistics (Gordon Gibson) to 
question whether average main-line indices 
for two samples are susceptible to compar- 
ative statistical treatment at all. In this 
sense, simple comparison of unguarded 
means is also a statistical manipulation. 
Statistical procedures in this instance 
would be better satisfied, according to Dr. 
Gibson, if the values for one and not two 
main-lines were summated into an index 
or a proportion. The type 11:7 ratio, then, 
would be a statistically unobjectionable de- 
vice, since it simply expresses the relation 
of two modal types of terminations for 
main-line D. Yet this ratio shows little or 
no distributional regularities in American 
aboriginal samples, and is considered an 
inferior measure to the main-line index 
by Cummins and Midlo (’43, pp. 113-114). 
For these reasons any attempt to devise a 
statistically acceptable measure of palmar 
main-line direction from one main-line 
alone is not likely to produce as meaning- 
ful a measure as the main-line index. 
There is no question that Gibson is right 
in withholding statistical approval from so 
composite a measure as the main-line in- 
dex. Future research for the purpose of 
developing more sensitive dermatoglyphic 
tools should more closely adhere to the 
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tenets of good statistical procedures than 
they have in the past. But since this paper 
is concerned with the application of the 
established dermatoglyphic methods to 
populations, it seems best to use the main- 
line index even though this tends to violate 
statistical usage. 

In short, use of the main-line index is 
statistically suspect, yet it does have defin- 
ite meaning. A high average main-line 
index bespeaks a strong trend toward trans- 
verse (across the palm) courses of the two 
outside main-lines, while a low mean index 
signifies their generally longitudinal (prox- 
imo-distal) direction. The distributional 
significance of the index in American abo- 
rigines is by no means clear, although the 
present paper provides some clarification 
in its area of interest. Cummins and Midlo 
(43, table 148B) show the highest main- 
line indices as occurring in Eskimo, the 
next highest in Middle American Indians, 
and the lowest in North American Indians. 

Finally the presence of patterns on the 
5 areas of the palm can be expressed as 
simple percentages. These percentages 
represent catch-alls for all sorts of config- 
urations ranging from “vestigials” without 
definite form to fully developed whorls. In 
rather small samples such as used here, 
direct comparison of palmar pattern sub- 
types is not likely to be fruitful. Accord- 
ingly, the simple occurrences of patterns 
are used here for comparative purposes 
and are restricted to the hypothenar and 
thenar-first interdigital areas as probably 
the most meaningful. Cummins and Midlo 
(43, fig. 146) have shown a rather slight 
diminution in frequencies of hypothenar 
patterns from Eskimo to North American 


TABLE 1 


Percentages of finger pattern designations and mean indices of pattern intensity in 
Guatemalan highland indians 


Indians, with Middle American Indiang) 
lowest. Much more striking is the ve 
strong rise of thenar-first interdigital pat 
tern incidence in. Middle American Inf 


) 


the x? method for a 4-fold table. 


Internal Relationships of the 4 
Guatemalan Highland samples 


Index of pattern intensity. Percentage} 
of the main finger pattern designation} 
(table 1) show the Soloma males and fe 
males to have more whorls and fewe 
arches than any of the other sampless 
These percentages are expressed in the in 
dex of pattern intensity, which is als 
higher in the two Soloma samples. Ay 
evaluation of the statistical significance ¢ 
the mean differences in this respect bel 
tween pairs of male samples is provided iif 
table 2. The female samples are too smayy 
in size to merit this statistical treatmeny§ 
The differences between the three Lak 
Atitlan Basin samples (Santa Clara, Sololf 
and Patzin) and the more northerly situ 
ated Soloma sample are probably signi 
cant. Where P=0.001 between Solon 
and Patztn, the chances that their meas 
differences could occur within the sam 
population are 1 to 1000, a surely signi 
cant difference. Between Soloma ang 
Solola (P= 0.0138), and Soloma arg 
Santa Clara (P = 0.0384) the levels «ff 
significance are less sure. It then becoma§ 


‘ Index of | 
Sample No. Whorls gies hee 1 ne . Arches Pattern satvaey 
Mean S.D. 
Males 
Soloma 90 48.7 PI 46.3 48.8 2.4 14.50 3.43 
Santa Clara 68 39.5 Sia 51.6 54.9 5.6 13°25 3.70 
Solola 82 40.0 3.7 50.0 53.7 6.3 13.10 3.83 
Patzin 72 34.8 2.9 55.4 58.3 6.9 12.59 3.90 
Females 

Soloma 22 43.1 1.6 53.2 54.9 2.0 14.23 2.89 
Patzun 32 36.1 1) 48.7 49.9 14.0 12.47 4.58 
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TABLE 2 
Paired mean differences and their chance probabilities (P) in the index of pattern intensity 
(Males) 


Mean differences 


;-4 chances in 100 are adequate odds 
-voring significant differences. 
| Between the three Lake Atitlan Basin 


ger pattern intensity goes, these three 
imples appear to have been drawn from 


fost identical mean indices of pattern in- 
i sity, and are closer in this respect than 


om Patziin. In a statistical sense these 
juiché-Cakchiquel relationships are all 
n-significant, but it is barely conceiv- 


tiiché is now spoken had closer historical 
nd genetic relations with Solola at the 
pad of Lake Atitlan than with Patzin on 


imples cannot be statistically compared, 
yere is nevertheless some merit in exam- 
jing the unguarded means. These, with 
jeir standard deviations, are listed in 
tole 3. There is a fairly regular progres- 
‘yn of male means, with Soloma the high- 
it and Patzin the lowest. This Soloma- 
ktzin difference in the male samples is 
}t corroborated by their female counter- 
#rts, which have identical main-line in- 


Sample Soloma Santa Clara Solola Patzan 
Soloma 1.25 1.40 1.91 
P Santa Clara 0.0384 0.15 0.66 
Solola 0.0138 0.8180 0.51 
Patzin 0.0010 0.6030 0.4066 
(quite arbitrary matter to decide whether dices. Whether this lack of confirmation 


is real, or is due to errors of sample in the 
much smaller female series constitutes an 
unanswerable question. At any rate, small 
as the mean male difference between 7.35 
and 6.72 may appear, it is over one-third 
of the mean range for the world (cf. Cum- 
mins and Midlo, *43, fig. 148B). Biologi- 
cally speaking, then, the main-line indices 
considered here only seem to have rele- 
vance when viewed in the larger distribu- 
tional pattern. 

It is notable that a higher index of 
finger pattern intensity (more whorls, 
fewer arches) and a higher palmar main- 
line index (greater transversality of main- 
lines) go along together in the more north- 
erly Soloma male sample. Both these 
higher mean indices are quite in keep- 
ing with those typifying the Tzotzil- and 
Tzeltal-speaking Maya even further north 
in Highland Chiapas. This distributional 
pattern north of the south Chuchumatanes 
escarpment is discussed more fully on pp. 
53-54 and is only mentioned here as evi- 
dence that the main-line indices are mean- 
ingful in a biological sense, although their 
differences cannot be statistically validated. 

Thenar-first interdigital and hypothenar 
patterns. The percentage occurrences of 
thenar-first interdigital patterns are listed 
in table 4. In that table the high percent- 
age of patterns (54.5% ) for the Soloma 
males differs perhaps significantly at P< 
0.01 from the low percentage (34.8% ) 


TABLE 3 
Mean main-line indices of Guatemalan Highland Indians 
Males Females 
Soloma (89) Solola (82) Santa Clara (69) Patzin (72) Soloma (24) Patztin (35) 
| Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean §.D. Mean S.D. 
7.34 2.28 7.20 2.03 6.83 2.09 6.72 2.26 6.90 2.73 6.92 2.21 
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r the Santa Clara males. None of the 
her pairs of differences can be considered 
' cant, as the following list of prob- 
Dilities attests: 

Soloma-Solola P < 0.3 

Soloma-Patztin P < 0.2 

Solola-Patzin P < 0.7 

Solola-Santa Clara P < 0.2 
Patzin-Santa Clara P < 0.6 


| The percentages of hypothenar patterns 
so listed in table 4 are in keeping with 
e€ somewhat higher expression of thenar- 
(st interdigital patterns in the Soloma 


ip 


p ies, but are themselves of doubtful sig- 
fficance. The progression of hypothenar 


jttern occurrence is from Soloma (both 
imples) to Solol4 and Santa Clara with 


fentical figures, with Patztn the lowest. 


| Relationships between Highland and 
Lowland Maya 


| The means and percentages for the prin- 
jpal dermatoglyphic determinations in all 
ailable Maya Indian samples are given 
} table 4. These samples are also grouped 
Wgionally as North and South Highlands 
id Lowland Yucatan. As explained on 
} 48, the dividing line between the 
orth and South Highlands is a real rather 
an an artificial one; it is the steep south- 
n escarpment of the Chuchumatanes 
fassif and part of the Sierra Madre which 
fems to have served as a partial linguistic 
jid cultural barrier. An important premise 
pre is that this escarpment served as a 
ittial biological barrier as well. 

Index of pattern intensity. It is clear 
om the weighted regional means that the 
}ttern intensities in the fingers are high- 
it in the North Highlands and lowest in 
je Yucatan Lowlands. The significance 
| this difference between the regional 
leans cannot be tested because standard 
fviations are not available for the 5 
lighland Chiapas samples. To carry out 
ie statistical testing anyway, it has been 
jsumed that the mean and standard de- 
jation of the combined Soloma and Mam 
fmples are reasonably representative of 
fe North Highlands as a whole. In con- 
jquence, much of the ensuing argument 
Inges upon this assumption. 

With the Soloma-Mam sample stretched, 
| it were, over this broad area, the mean 
jittern intensity indices for the North 


DERMATOGLYPHICS IN MAYA INDIANS 1b} 


TABLE 5 
Means and standard deviations for index of 
pattern intensity in regional groupings 
of Maya Indians 


Region No. Mean S.D. 
North Highland! 120 14.56 3.36 
South Highland? 272 13.10 3.91 
Lowland? 127 12.57 3.44 


1Soloma males and females; Mam males (12). 

2Lake Atitl4n Basin—Santa Clara, Solola, and 
Patzin males; miscellaneous other Quiché, Cak- 
chiquel, and Zutuhil males (24). 

3 Chichen Itza males and females. 


Highlands, South Highlands, and Yucatan 
Lowlands are 14.56, 13.10, and 12.57, re- 
spectively (table 5). Table 6 shows that 
the North Highland Maya are very sig- 
nificantly separated from those of the 
other two regions by mean differences with 
P of 0.0001 to 0.0002. On the other hand, 
the South Highland (Lake Atitlan Basin) 
and the Yucatan Lowland Maya do not 
differ significantly in this respect (P= 
0.08). There would seem to be a break in 
pattern intensity, with the dividing line 
arbitrarily set at about 13.4, running 
along the southern Chuchumatanes escarp- 
ment and thence gradually north to the 
Gulf. North of this line are the higher 
mean indices of pattern intensity; south 
of it are consistently lower ones (fig. 1). 
The extension of this southerly region of 
low pattern intensity beyond the Maya 
cannot be gauged because of lack of data. 
No dermatoglyphic samples of Indians are 
available for those between Southwest 
Guatemala and the Sierra de Perija in 
Venezuela. For the latter area, Geipel’s 
(55) patently inadequate sample of 18 
Yupa (Motilone) have a mean index of 
12.9. Further south along the West Coast 
a sample of 207 North Peruvian Quechua 
have a mean of 12.9 (Newman, ms.), and 
further still 246 Araucanian Mapuche aver- 
age 13.0 (Henckel, 33). In the South 
American tropical forest some samples 


TABLE 6 


Paired mean differences and their probabilities 
(P) in the index of pattern intensity 


North South 


Region Highland Highland Lowland 
North Highland 1.46 1.99 
South Highland 0.0002 0.53 
Lowland 0.0001 0.0818 
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have higher finger pattern intensities, so 
the distribution for the whole southern 
continent is unclear. 

Main-line index. The regional weighted 
means for the main-line index in table 4 
partly corroborate the division between the 
North and South Highlands so clearly seen 
in finger pattern intensities. Thus the 
Soloma males have a main-line index of 
7.34, very close to the North Highland 
weighted mean of 7.26 and distinctly 
higher than all but that of the Solola 
sample from the South Highlands. For the 
other principal samples in the North High- 
land region, all those from Chiapas but the 
47 Finca Tzeltals have indices well over 
7.00. These higher main-line indices also 
characterize other Mexican Indian sam- 
ples—Zapotec, Mixtec, Tarascan, and Az- 
tec—and suggest a wide area of more 
transverse palmar main-lines that extends 
up to Northern Mexico. 

This broad area of higher main-line in- 
dices, then, extends from Central Mexico 
to the Chuchumatanes escarpment in 
Northern Guatemala. The break between 
North and South Highlands is not wholly 
clear because of the Finca Tzeltal and 
Solola samples, but the remainder of the 
South Highland and Yucatan Lowland 
samples all have mean indices below 7.00. 
South of the Maya area there is so little 
information on main-lines that it is haz- 
ardous to extend this low index area into 
South America. The 230 North Peruvian 
Quechua (Newman, ms.) have a mean 
main-line index of 6.94; Keith’s (24) 63 
Quechua and Aymara from South Peru 
average 7.09. The distribution of the main- 
line index over the rest of the southern 
continent is unknown. 

In the Yucatan Lowland region, the two 
small Maya samples tend to confirm the 
very low (6.56) main-line index of the 
Chichen Itza sample. This is the lowest 
mean index on record for American Indian 
samples of adequate size. 

The regional weighted main-line indices 
for the North Highlands, South Highlands, 
and Lowlands are 7.26, 6.89, and 6.66, re- 
spectively. As in finger pattern intensity 
there is a close correspondence between 
South Highland (Lake Atitl4n Basin) and 
Lowland Maya than between either one 
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and the North Highlands. The mean differ 
ences of 0.37 between the North and Sout} 
Highlands, and 0.23 between the Soutl] 
Highlands and Lowlands appear consé 
quential only in the light of the entir 
American Indian range of 1.38. Thus thy 
correspondence of means between Sout! 
Highland and Lowland Maya is almog 
twice as close as between those for th 
North and South Highlands. | 
Hypothenar and thenar-first interdigitc 
patterns. The weighted regional perceni 
ages for hypothenar and thenar-first inter 
digital patterns (table 4) show the lowes 
expression in the South Highland Maya. A’ 
tested by the x? method, however, the on}| 
difference of possible significance is be 
tween the 14.2% of hypothenar pattern 
in the North Highlands and 10.3% in thy 
South Highlands. Here with P < 0.02, tit 
difference may well be statistically sign 
ficant, although the very real possibility ¢ 
artefacts occurring during palm printin) 
may render the difference less meaningfi 
All other paired regional differences in bo 
hypothenar and thenar-first interdigitz 
pattern incidences are distinctly nonsis§ 
nificant. | 
From a hemisphere viewpoint the inag 
dences for hypothenar patterns are low i 
all three Maya regional samples. Sua 
low pattern expression in this palmar are 
is very characteristic of American Indiar 
in general (Cummins and Midlo, *43, if 
262), and the low hypothenar expressia 
in the Maya is more of a generalized India 
trait than anything else. i 
On the other hand, the over 40% pres 
ence of thenar-first interdigital patternp 
constitutes a world high already noted Tif 
Cummins and Midlo (’43, p. 261). T 
high incidence is also present further nort§ 
in Mixtec, Aztec, and Tarahumare sarif 
ples. Since such a high incidence has nifh 
been found in Tarascans and Zapotec 
thenar-first interdigital pattern expressicg 
in Mexican Indians is rather irregular. Th 
the south of the Maya area, incomple# 
evidence suggests that high thenar-finj 


expression of this ee pattern cel 
especially concentrated in and characte 
istic of Maya-speaking Indians. 
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DISCUSSION 

} Within the Cummins system of dermato- 
yphic formulations for the fingers and 
ilms, the two most reliable racial deter- 
jinants are unquestionably the index of 
ager pattern intensity and the palmar 
jain-line index. Biological distance anal- 
es of these two determinants, as applied 
| Maya Indian populations, have produced 
iree principal points: 

1. The two Cakchiquel and the Quiché 
imple from the Lake Atitl4n Basin appear 
| represent one biological population. 
foser dermatoglyphic relations between 
'e two Cakchiquel samples (Solola and 
itzun) than between either one and the 
niché sample (Santa Clara) were not 
yscerned. Indeed in its reduced finger 
ittern intensity and main-line index the 
htzun sample shows the closest approach 
i the Lowland (Chichen Itza) Maya. 

}2. The apparently single population of 
le Lake Atitlan Basin seems closely re- 
ited to the Yucatan Lowland Maya, prin- 
joally represented by people from around 
hichen Itza. While distance precludes 
irticipation of people of the two regions 
i the same breeding population, the in- 
frence is strong that they belong to the 
Wme close grouping of such populations. 
jologically speaking, this close grouping 
# populations could have had a common 
figin only a few centuries ago. 

43. In contrast to the apparently close 
mnections between the South Highland 
ake Atitlan) and the Lowland Maya, 
wose of the North Highlands stand as a 
jiite separate group of populations. The 
ilemingly abrupt line of separation be- 
geen North and South Highlands follows 
eo stery extension of the Sierra Madre 


o main dermatoglyphic determinants the 
hnhobal-speaking Soloma sample in the 
‘uchumatanes north of this line fits well 
ith 5 Tzeltal and Tzotzil samples from 
ghland Chiapas. Taken together, this 
orth Highland regional sample appears 
have much closer relationships with the 
dians further north in Mexico than with 


leir fellow Maya-speakers. 
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In appraising these results, it is particu- 
larly noteworthy that the employment of 
dermatoglyphic methods originally de- 
signed for gross racial comparisons of 
intercontinental scope seems fully produc- 
tive on a much more restricted populational 
level. Analyses by the rather arbitrary 
means at hand for describing the two sets 
of minimally adaptive polygenic traits ex- 
pressed in dermal ridge configurations have 
produced a quite clear and reasonable pat- 
tern of biological distances within the 
Maya-speaking populations. It is quite pos- 
sible, of course, that more _ sensitive 
methods of dermatoglyphic analysis would 
permit the discernment of finer popula- 
tional distinctions, such as between the 
Atitl4an Basin communities. With new 
methods and better information on the his- 
tory, demography, and breeding patterns 
of the communities, a closer approach 
could be realized to the full potential of 
dermatoglyphic analysis. 

Quite apart from this very real research 
potential, it is legitimate to ask whether 
as clear a pattern of biological distances 
could have been achieved by the other 
means of estimation currently at our dis- 
posal. On the one hand the equally poly- 
genic traits of anthropometry are not as 
likely to lead to as clear a pattern since 
most of these traits are susceptible to con- 
siderable postnatal alteration by varying 
environmental influences. Thus a metric 
comparison of Highland and Lowland 
Maya might reflect principally the effects 
of the two environments upon physique. 
The phenotypic expression of these effects 
is in part nongenic, and hence would tend 
to mask biological differences of a genetic 
nature. 

Yet on the other hand, analyses of single 
gene traits exemplified by the blood group 
systems may too strongly reflect any re- 
cent gene frequency alterations to discern 
older and more basic biological relation- 
ships between aboriginal Middle American 
communities. A practical case in point is 
the matter of European gene flow into 
the aboriginal pool. Stewart saw some 
phenotypic signs of White admixture in 
the Indians of Highland Guatemala, and 
the Steggerdas noted similar signs of Euro- 
pean ancestry in the Chichen Itza Maya 
(Steggerda et al., 36, p. 134). Beyond 
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this, the European-derived blood group 
genes B and r (cde) crop up occasionally 
in Maya populations. Aguirre et al. (753) 
record gene frequencies of 0.01 for B and 
0.06 for r in 237 Guatemalan Highland 
Maya. Matson and Swanson’s (’59) total 
Maya series of 553 individuals shows gene 
frequencies of 0.006 and 0.051 for B and 
r (including cDe), respectively, but there 
is great fluctuation between community 
samples in these regards. Goodner (30) 
states his Lowland Maya sample from 
Chichen Itza and Chankom had a gene 
frequency for group B of 0.001, and he 
performed no Rh testing. Neither Arteaga’s 
(Arteaga et al., 52) 63 North Highland 
Maya from Chamula nor Rife’s (’32)) Low- 
land Maya from the upper Usumacintla 
Valley and elsewhere in the peninsula had 
the gene for B at all. As it stands now, 
serological studies on the Maya are use- 
ful principally in affording broad com- 
parative data for continental syntheses 
and in providing estimates of White ad- 
mixture. Whether Matson and Swanson’s 
(59) information on a large number of 
blood group systems for the Maya can 
produce greater time-depth focus on their 
populational relationships will depend 
partly upon how successfully the gene fre- 
quencies can be adjusted to allow for Euro- 
pean and other foreign admixture. Judg- 
ing by the rather high frequencies of Az, 
B, and r in their samples, stripping off this 
White genic overlay is altogether too un- 
certain and arbitrary a procedure to con- 
template. 

There is little evidence one way or the 
other, but it may be that White admixture 
in Middle American Indians has less effect 
on the expression of polygenic traits ex- 
emplified in currently used quantifications 
of dermal ridge patterns than on single 
gene frequencies as seen in blood groups. 
There is no internal evidence whatsoever 
of European admixture in the dermato- 
glyphic configurations. In fact, evidence 
that European admixture has had no ap- 
preciable effect is strong on two counts: 
(1) Europeans and Middle American In- 
dians stand at polar extremes in the inci- 
dences of hypothenar and thenar-first inter- 
digital patterns. Europeans are high in 
hypothenar and low in thenar-first inter- 
digital pattern expression, while Middle 
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American Indians are exactly the opposite} 
(2) While Europeans are generally low 
in finger pattern intensity and rather high 
in main-line indices, the major split in| 
Maya Indians cuts across the Europeat 
pattern—higher indices of pattern inte 
sity and main-lines in the North High 
lands, lower ones in the South Highland 
and Lowlands. i 
Beyond degrees of expression of foreigy 
admixture in single versus polygenic traits 
there is a very real possibility that the bia 
logical distances discerned in their ana) 
yses are referrable to quite different time 
levels. This is what Birdsell (752, p. 358) 
had in mind when he stated that, “It i 
becoming clear that genetically simpil 
characters, such as are now the only me 
terials available for use in human popule 
tion genetics, and which are most usefu 
for studying certain evolutionary processes 
may on the other hand give biased ani 
blurred impressions of population relation 
ships distant in time and space. For thi 
latter type of analysis, genetically comple# 
traits may serve better, even though theg 
offer little hope of detailed genetic defi 
tion.” Some confirmation of Birdsell] 
statement would seem to reside in th 
clarity of pattern of the time-embedded bief 
logical distances in the present study c@# 
Maya Indian dermatoglyphics. It is kno 
that the three regions of Maya occupatio¥ 
have been largely if not wholly separat 
since the Spanish Conquest over 4 cer# 
turies ago. Beyond that, archeological a 
linguistic data (pp. 47-48) suggest <F 
least as many more centuries of essentizf 
separateness of these regions. Indeed so 
degree of archeological separation betwee 
the North and South Highlands may gg 
back to the Pre-Classic horizon (200 B.c.F 
200 a.D.). It is quite likely, though cul 


ships between the South Highlands a 
the Lowlands go back about 1000 years. 
Some of the reasons why dermatoglyphi 
analysis seems able to bridge such tim 
intervals have already been stated by Cun 
mins and Midlo (43, p. 254). Other thag# 
being genetically complex, dermatoglyph 
traits appear to be nonadaptive, or at lea# 
nearly so. Moreover they are free froxf 
postnatal modifications. Finally, howev# 
arbitrary the methods of formulating def 


hal ridge configurations may be, these 
yrmulations can be applied by different 
servers with a quite high degree of ob- 
gctivity. Given these desirata, it only re- 
yained to apply dermatoglyphic methods 
) reasonably adequate samples of popula- 
ons presenting the clear-cut problems of 
hological distance perceived by Stewart. 
ihe results would appear to be almost as 
year-cut as the problems, suggesting that 
1€ materials and methods were well 
\atched to the dimensions of the problems 
hemselves. 


CONCLUSIONS 


jtensity and the palmar main-line index 
idicates a biological division between the 
forth Highland Maya north of the Chu- 


i iché sample from the Lake Atitlan Ba- 
, and these appear to form a single 
ological population. The biological dis- 
ince between the two Cakchiquel samples 
no closer than between either one and 
fe Quiché sample. Of the three, the Cak- 
niquel sample from Patztin, east of Lake 
‘itlan, is the most distinctive and these 
prticular distinctions place it in quite 
jose relationship with the Lowland Yuca- 
Maya. Taken together, the Atitlan Ba- 
samples sufficiently approximate the 
ywland Maya in a dermatoglyphic sense 
| suggest strongly that they belong to the 
ime close grouping of populations. The 
brmatoglyphic ties of the North Highland 
aya of the Guatemala-Chiapas uplands 
pear to be with the various non-Maya 
jdians of Mexico further to the north. 

|The clarity of pattern of biological dis- 
Inces between the community and re- 
jonal samples amply demonstrates the 
flevance of established dermatoglyphic 
lethods to the study of actual popula- 
pnal units. Supported by cultural and 
hguistic data, these methods appear cap- 
le of penetrating considerable spans of 
me in discerning biological relationships. 
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Since dermatoglyphic traits are polygen- 
ically controlled, putatively nonadaptive, 
and undergo no postnatal modifications 
they have distinct methodological advan- 
tages over either anthropometry or serology 
in clarifying the older and more basic re- 
lationships between human populations. 
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Archaeological background 


| The scaphocephalic specimen described 
} this paper was uncovered in the Fall 
‘1957 by an archaeological field crew 
iom San Francisco State College in the 
esence of one of the authors. The lo- 
tle is a large aboriginal occupation site 
mown as 4-Ala-328, Newark Site’ on the 
butheast shore of San Francisco Bay. 
fIn outline the site is a large ovoid 
found, approximately 350 feet north- 
futh axis and 250 feet east-west diam- 
yer, with a depth of some 13 feet near 
je center, the cross-section being typi- 
ily lenticular. The mound rises from a 
ht alluvial plain, 6 feet above sea-level, 
f an elevation of 1512 feet above sea- 
wel at its highest point. The site is on 
fe Patterson Ranch, three miles due 
puth of the small town of Alvarado.’ 
i\Including earlier excavation at the 
ewark site in 1935, extensive annual 
fork at the mound from 1949 to 1958 
hs resulted in some 300 burials and over 
000 artifacts, with about 25% of the 
idden having been explored. Osteolog- 
al remains and cultural evidence leave no 
bubt that the inhabitants were Amerindi- 
as. A mound recognized as an ancient 
idian habitation appears on an early 
lap (1873) of San Francisco Bay at the 
yproximate location as the one under 
iscussion, but as there are actually two 
lounds here (4-Ala-328 and 4-Ala-329), 
2 cannot be sure to which mound the 
ap precisely refers. The historic ab- 
i gines of this region were called gener- 
ly “Costefio” (coast-dwellers) by the 
[ly Spanish and later Mexican settlers; 
is term has been anglicized to “Costa- 
an” and so appears in anthropological 
id historical literature. 
Archaeologists distinguish for Central 
Wifornia three cultural horizons, termed 
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Early, ending about 4,000 years BP; Mid- 
dle, beginning about 3,500 years BP; and 
Late, beginning about 1,200 years BP and 
lasting until historic times, or contact 
with Europeans.* In certain sites there 
may be considerable over-lap of the three 
horizons. 

From archaeological investigations by 
the University of California and San Fran- 
cisco State College, it appears that the 
San Francisco Bay region was occupied 
by Middle Horizon hunters and shellfish 
gatherers by 3,500 years BP. Cultural dis- 
tinctions in the Newark site under con- 
sideration are Earlier Middle, Later Mid- 
dle, and Late Horizons. Radiocarbon 
dates (sample C-690) have been obtained 
from wood charcoal from the Later Mid- 
dle Horizon level* (table 1). 

The scaphocephalic individual (burial 
no. 248) considered in this paper is from 
the Later Middle Horizon. Any precise 
archaeological conclusions for the mound 
as a whole must await detailed analysis 
of field data by the archaeologist in 
charge, Dr. Adan E. Treganza,® as work 
at the site still continues. 


14 designates California, Ala represents Ala- 
meda County, and 328 is the site number re- 
gistered with the California Archaeological Sur- 
vey, University of California (Berkeley). 

2Grid coordinates 89050 rt/1643150 up, Hay- 
ward Quadrangle. War Department, Corps of 
Engineers, U. S. Army. Grid zone “G”, 1942. 

3B. P. signifies “Before Present.” 

4Libby, W. W. 1954 Chicago radiocarbon 
dates. IV. Science, 119: 135-140. See also 
Heizer, R. F. 1958 Reports of the University of 
California Archaeological Survey, No. 44, issued 
October 10. (The notation “B53” indicates that 
the carbon-14 sample was taken before 1953.) 

5 Continued excavation of the Newark site for 
a number of seasons to come is planned by Dr. 
Adan E. Treganza, Chairman of the Department 
of Anthropology, San Francisco State College. The 
mound serves to train students in archaeological 
field techniques. 
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TABLE 1 


BP date 1 y Range BP 


B.C.—A.D. date 1 y Range B.C.—A.D. 


2,,788—2,388 B53 
2,310—-1,870 B53 
2,489-2,189 B53 


2,588 B53 200 
2,090 B53 220 
Av. 2,339 B53 150 


635 B.C. 200 835 B.C.—435 B.C. || 
137 B.C. 220 357 B.C.— 83 A.D. 
386 B.C. 150 536 B.C.—236 B.C. || 


Ecological considerations 


Composition of the midden is like that 
of most Amerindian sites bordering San 
Francisco Bay, except for the relatively 
low content of shell from soft-shelled 
clams (Macoma masuta). Commonest of 
all shell is oyster (Ostrea lurida). 

The mound lies on the edge of a marshy 
slough, of which the present Coyote Hill 
Slough is a remnant. The soil is black, 
compacted with considerable fragmented 
shell, animal bone, burned and decayed 
vegetal matter, and is very moist until 
exposed to the air, whereupon it dries to 
a greyish black hue. 

As the mound is usually flooded at the 
base each winter, owing to heavy rains, 
osteological material does not bear up very 
well and many burials are in poor condi- 
tion. Another destructive factor is tun- 
neling by burrowing animals such as 
moles and voles, gophers and badgers, 
which disturb the skeletal remains. In 
addition, the mound surface has been al- 
tered to a depth of 18 inches by extensive 
cultivation. 

The old sloughs and tidal marsh lands 
have been reclaimed since 1917 by a 
system of levees for the development of 
farm lands and salt evaporation works. 
Thus San Francisco Bay, once immedi- 
ately adjacent to the site, has been re- 
moved about three miles to the northwest. 

About a half-mile to the west lie the 
Coyote Hills, averaging 200 feet in eleva- 
tion, and extending three miles on a 
northwest-southeast axis; the Hills are 
approximately one-half mile in width. Six 
miles to the east lies the base of the 
Coast Range foothills. 

There are still some stands of valley 
oaks (Quercus lobata) here, and in the 
nearby foothills several species of coastal 
live oak (Q. agrifolia and Q. wislizenii) 
and buckeye (Aesculus californica) are 
to be found. These trees were all utilized 
as a source of foodstuff by the historic 


aborigines and, we may presume, by th 
prehistoric ones as well. Willows and tullj 
rushes grew along watercourses 
sloughs, providing the inhabitants with 
the raw materials for both housing an| 
watercraft. 

Items in the diet of the native popula 
tion are reflected by the importance q 
various kinds of shell, remnants of crust 
ceans and fishes, and bird and anime 


abalone (Haliotis), mussels (Mytilzel 
edulis), and marsh snails (Cerethid i 
californica) were abundant, to name bul 
a few of the many molluscs and gastrq 
pods utilized by the local Amerinds. Fishes 
and waterfowl were also of great impop 
tance. | 
Mammals frequently eaten or hunte 
included deer (Odocoileus), antelope (A 
tilocapra americana), wapiti (Cervus 
sea-otter (Enhydra), river otter (Lutra)| 
raccoon (Procyon lotor), badger (Ta 
idea), coyote (Canis latrans), and oce: 
sionally seal (Phoca) and sea-lion (Za 
ophus or Calorhinus). 
Although in this site precise botanic; 
evidence is lacking for grains and seedi} 
fruits and wild roots, tubers, and green 
we may deduce their ingestion by th 
aborigines of the Newark mound throug? 
the presence of lithic and basketry art 
facts for processing hard seeds, nuts, a1 
legumes. Furthermore, we know throug: 
ethnographic evidence that great reliancé 
was placed on such vegetal foodstuffs i 
California Indians, and that in fact suc 
formed a large proportion of the dies 
From this brief review of available foocd 
there is no reason to believe that the dict 
of these aborigines was sub-optimum 
either quantity or in nutritive quality. 


Description of the cranium 


Artificial head deformation does not o | 
cur in skeletal collections from archaees 
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gical sites of the San Francisco Bay 
gion, nor for that matter, is it found in 
e rest of California. Accordingly, it is 
ost probable that the skull belonging to 
rial no. 248 is an example of marked 
aphocephaly. 

'We have compared its cranial measure- 
ents with those of the scaphocephalic 
lull described by Eiseley and Asling 
44), also an archaeological specimen, 
fesumably Amerind, and in this case 
com Kansas. 

|The California cranium has an even 
eater glabella-occipital length (203 
m) than the Kansas skull (194 mm), 
though the greatest cranial breadth, 
‘ken on the temporals, being 120 mm is 
nly slightly narrower than that of the 
ansas specimen (121 mm). The result- 
it cranial index of 59.2 is three points 
‘low the Kansas equivalent (62.3). The 
anial capacity of both specimens is well 
ith the range of present-day Homo 
ipiens, the Kansas skull being 1306 cm? 
d the California cranium being 1432 
n°. As a whole, the remainder of the 
anial measurements are not extreme, 
d fall within the range of pre-Colum- 
an Indian groups (Gifford, 726). 

The only measurements affected by the 
aphocephalic condition are those length 
d breadth measurements which relate 
} the vault. In the table where vault, 
cial, mandibular, and post-cranial meas- 
ements and indices are listed, those al- 
ed by scaphocephaly have been marked 
ith an asterisk, following the usage of 
fseley and Asling. 

Although the post-cranial skeleton is 
discussed in this paper, briefly it may 
stated that, while poorly preserved 
thaeologically, it did not seem to be 
Hibly abnormal. The stature estimates 
}re derived from the maximum lengths 
the humerus, radius, and ulna, using 
Hotter and Gleser’s (’58) formulae. The 
fight of about 170 cm seems to be ay- 
vge for a California Indian, and appar- 
itly shows no effect of any endocrine 


imal aspects of their specimen in great 
ail, and for the sake of comparison we 
Hlow their procedure. Facially, the Cal- 
Mnia skull is remarkable for the very 


wide suborbital fossae. The teeth are 
worn well through the dentine and about 
half way through the tooth structure 
proper, which is not a common observance 
amongst California Indians for an indi- 
vidual in his early thirties. There is one 


TABLE 2 
Measurements and indices of burial no. 248, 
ALA 328 
Cranial measurements 

Glabello-occipital length! 203 mm 
Maximum width?! 120 mm 
Basion-Bregma height 140 mm 
Auricular height 114mm 
Minimum frontal diameter! 89 mm 
Maximum frontal diameter? 

(width at stephanion ) 76mm 
Maximum bizygomatic diameter 135 mm 
Menton-Nasion height 113 mm 
Prosthion-nasion height 72mm 
Basion-nasion 111mm 
Basion-prosthion 106 mm 
Nasal height 51mm 
Nasal breadth 25 mm 
Orbits-height, right 34 mm 
Orbits-height, left 33 mm 
Orbits-breadth, right — 
Orbits-breadth, left 42mm 
Interorbital breadth 20 mm 
Biorbital breadth — 
Foramen magnum, length 38 mm 
Foramen magnum, breadth 30 mm 
Nasion-opisthion arc! 392 mm 
Nasion-Bregma Arc? 130 mm 
Bregma-Lambda Arc! 125 mm 
Lambda-Basion Arc} 137 mm 
Arc transverse : 293 mm 
Total facial angle 83 
Mid-facial angle 84 

Cranial indices 
Cranial capacity 

(basion-bregma height ) 1431.71 cm? 
Cranial capacity 

(auricular height) 1372.96 cm? 
Cranial index! 59.2 
Height-length index! 69.0 
Height-breadth index? 

(basion bregma) 116.7 
Height-breadth index! 

(auricular height ) 95.0 
Fronto-parietal index! 74.1 
Auricular height-length index? 56.2 
Cranial module (basion bregma) 154.3 
Cranial module (auricular height) 145.7 
Facial index 84.4 
Upper facial index 5oat 
Cranio-facial index? 111.8 
Gnathic index 95.5 
Nasal index 49.0 
Orbital index, right — 
Orbital index, left 78.5 


1 Measurements affected by the scaphocephalic 
condition of the cranium. 
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TABLE 3 


Mandibular measurements 


Condylo-symphyseal length 111 mm 
Bicondylar width 122 mm 
Height of aymphysis — 
Bigonial diameter 97mm 
Height of ascending ramus 64mm 
Minimum breadth of ascending ramus 38 mm 
Mean angle of lower jaw 116 
Mandibular indices 
Mandibular index 91.0 
Zygo-gonial index 72.4 
Fronto-gonial index 109.0 
Post-cranial measurements 

Humerus, right, maximum length 326 mm 
Humerus, right, maximum head 

diameter 50 mm 
Humerus, right, minimum shaft 

circumference 59 mm 
Radius, right, maximum length 250 mm 
Ulna, right, maximum length 268 mm 

Post-cranial indices 

Robusticity index, humerus 65.2 
Humero-radial index 76.7 
Stature, humerus! 170.6 cm 
Stature, radius! 170.5 cm 
Stature, ulna! 167.7 cm 
Stature, humerus and ulna! 171.0 cm 
Stature, humerus and radius! 171.0 cm 


1 Utilizing Trotter and Gleser’s (758) formulae 
for Mongoloids. 


large abcess in the maxilla where the 
right M-1 has been lost. The mandibular 
third molars appear to have been erupted 
and lost during life, and the alveolar tis- 
sue absorbed. There is no indication of 
an eruption of the upper third molars. 
The left mandibular condyle has a wide 
flattened facet which fits a similarly large 
and flattened area in the corresponding 
glenoid fossa. 

One major difference between the Kan- 
sas and the California crania should be 
noted: Eiseley and Asling remark that 
the mastoid processes of their specimen 
are the “shortest and most blunt the 
writers have ever seen in an adult human 
skull” (44, p. 244). On this basis they 
propose, in the etiological section of their 
paper, that short, blunt mastoids may 
characterize the scaphocephalic skull, 
thus possibly being part of the syndrome. 
However, the California cranium was re- 
cently inspected by Professor Asling, who 
agreed verbally with the present writers 
that the mastoids of this specimen are of 
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the long and heavy type characteristic of 
the normal adult male. It is possible, there 
fore, that the mastoids of the Kansas skul 
represent an individual peculiarity, am 
have nothing to do with its scaphocephi 
alic condition. 

Both the coronal and occipital suturey 
of the California skull are pronounced]} 
serrated. Near asterion there occur 
laterally several small Wormian bones! 
Larger Wormian bones near the tempor 
suture are not bilaterally symmetrica) 
Where the sagittal suture has prematurell| 
closed there is a palpable slight humy| 
although this is not visible in the plate 
(q. v.). | 

Only one parietal foramen is preser 
located near the midline, which featunj 
is not uncommon to crania from the Say 
Francisco Bay area. There is an irregulé 
unilateral depression between the for 
men and lambda at obelion, perhaps sin 
ilar to the one described by Eiseley ar 
Asling, but in contrast, no bosses exist qj 
either side of the depression such as the 
discuss for the Kansas specimen. } 

The entire occipital region of the Cah 
fornia cranium protrudes in a bun shapy 
The muscular markings at the nuch 
lines are not heavy, although the medig 
occipital fossa is fairly deep with a sha 
muscular attachment. Other indication} 
of muscularity are the strong tempom 
muscle lines, the prominent glabella, 
the median supraorbital crests. 

The nasal bones are high, with a strong 


The mylo-hyoid ridge of the mandible 
very pronounced, as are the pterygoid : 


tachments, giving the body of the hog 


zontal ramus an appearance of strenge 
and heaviness. The chin is bilateral a4 
protruding, completing the overall pict 1 
of masculinity and muscularity present 
in the facial features of this cranium. |h 

Endocranially, the California skull dog 
not seem to differ from the several oth 
California Indian crania with which & 
has been carefully compared. None & 
the vascular markings is remarkably deeff 
nor is there any unusual pitting. 

The occipital region follows the sai 
pattern as that of other California Indi 


skulls used for comparison. The 


2 of the sagittal suture there is a very 
sht depression which runs from bregma 
ambda. Both the coronal and occipital 
lures are partially closed but are still 
ible endocranially. 
he California skull does not follow the 
othetical pattern suggested by Eiseley 
1 Asling of “deeply channeled cranial 
ses, the peculiar form of the mastoids, 
the two curious bosses near obelion” 
4, p. 254). Instead, the California spe- 
nen appears endocranially normal when 
mpared with other Amerindian crania, 
rept for the completely closed sagittal 
ure and the slight depression in the 
Aline. Endocranially, the only char- 
eristics which may have direct bearing 
ithe closure of the sagittal suture is 
irregular, unilateral depression at 
lion, and the lack of parietal bosses. 
should be noted in relation to this 
fer point that the measurement of max- 
m breadth had to be taken on the 
nporals, rather than at the usual loca- 
n of the parietals. 
artin (728) defined scaphocephaly as 
ag caused by premature suture obliter- 
on brought about by congestion and in- 
ation (hypervascularization). Such 
ostoses hinder the growth of the brain, 
vever, only in the vertical direction of 
effaced suture, .and therefore, the 
in presses antero-posteriorly where no 
Interacting resistance is encountered, 
resulting in a compensatory expan- 
Basically, this definition is still in 
eement with recent general texts such 
otter (752) and Arey (754). Martin 
further described the scaphocephalic 
ia anthropometrically (’28, pp. 827— 


) 


ndeniably, the breadth development 
the skull is arrested owing to early 
ure of the sagittal suture, and so de- 
yps the scaphocephal or ‘skiff-skull,’ 
h, by its abnormally narrow breadth 
its considerably extreme length, ap- 
s to be inordinately dolichocephalic 
th an index of between 60 and 70 but 
) as low as 55). 

Because of the strong keel-shaped re- 
ion of the skull vault toward the 
(length-height index is about 
}, with considerable individual fluctua- 
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tion), and owing to the great absolute 
length of the vertical (or coronal) por- 
tion of the skull, this upward-thrusting, 
extremely narrow, and lengthened frontal 
bone in the sagittal plane, and with the 
occipitum being drawn strongly down- 
ward and to the rear, easily distinguishes 
itself, however, from the normal dolicho- 
cephal. 

“Consequently, the ridge- or keel-shaped 
elevation of the crown (culmen cunei- 
forme), owing to compression and _ be- 
cause of the angular position of the 
parietals, originates, as already intimated, 
for the most part in the foetal inception 
of the regio obelica and is completed 
through obliteration of the sagittal suture 
during the first 10 years of life. 

“Frequently it so happens that instead 
of the embryonic sagittal frontal suture 
being drawn to and above the frontal bone 
to the crest of the skull, or carina, it may 
descend as low as glabella. Scaphoceph- 
als are found not only amongst European 
racial varieties, but also amongst Egyp- 
tians, Negroes, and other human groups 
as well.” (Translated from the German 
by W. D.-H.) 


The etiology of the Kansas scaphoceph- 
alic skull was thoroughly discussed by 
Kiseley and Asling in their cited paper. 
In order to determine if new information 
had come to light since 1944, reference 
was made both to Potter (752) and Arey 
(54) for their descriptions of the cause 
of scaphocephaly which, as stated above, 
did not vary much from Martin’s classic 
definition. In fact, Hope, Spitz and Slade 
(755, p. 186) in their paper on premature 
cranial synostosis 27 years later admit that 
“the factors incriminated in the possible 
etiology of craniostenosis are many, but 
none has stood the test of time and in- 
vestigation. We know of no specific in- 
fection or metabolic defect which might 
cause it. Repeated study of the bone in- 
volved in the premature synostosis has 
demonstrated no abnormality under gross 
or microscopic examination.” The same 
authors also have found that as long 
as the skull can continue to expand, 
utilizing sutures not involved in the 
synostosis, the only indication of the 


disorder will be excessive elongation and 
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scaphoid shape of the skull. When the 
compensatory expansion cannot take 
place, and intracranial pressure is created, 
then clinical manifestations such as men- 
tal retardation and convulsive seizures 
may develop. 

An interesting aspect of the problem 
is that in the cases of children with a 
lack of thyroid output, care must be ex- 
ercised in giving such patients supple- 
mentary thyroid extract so that prema- 
ture closure of the cranial sutures does 
not take place.° 

With relation to the possibility of a 
glandular imbalance, lateral x-rays of the 
cranium were taken by Dr. Howard 
Wright of the University of California’s 
Department of Anatomy.’ Thickness of 
the cranial bone is normal, as is the con- 
figuration of the endocranial surfaces. 
There may be some excavation of the 
floor of the pituitary fossa, but owing to 
the poor preservation of the cranium no 
positive conclusions can be drawn. 

The only unusual feature is the size 
of the sella turcica, which measures 18 
mm in antero-posterior diameter, that be- 
ing much larger than the range of 8 to 
13 mm cited in Brailsford (’53). Carey 
(27), in an article describing various 
cranial anomalies, has referred to an en- 
largement of the sella turcica in some of 
the cases of scaphocephaly investigated 
by him. 

Care must be taken not to confuse 
scaphocephaly, as defined by Martin (28) 
and also by various pathologists (Carey, 
27; Potter, 52; Arey, 54), with scaphoid 
skulls, which are gable-shaped and note- 
worthy for the longitudinal keel along the 
line of the sagittal suture. Scaphoid skulls 
are not necessarily hyperdolichocephalic, 
do not show premature synostosis of the 
sagittal suture, and may be considered to 
be quite normal. In this connection we 
may note certain terminological lapses in 
the anthropometrical literature, for in- 
stance, Hooton’s Indians of Pecos Pueblo,® 
where confusion seems to exist regarding 
scaphoid and scaphocephalic crania. 


CONCLUSIONS 


From a comparison of the Kansas and 
California crania, it is probable that sca- 
phocephaly, while manifesting grossly 
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similar traits, does vary in particulars, 
pointed out in this paper. 

Therefore, we suggest that scaphocep| 
aly need not always follow the same pa 
tern of minor anomalies or hypoplasii 
postulated by Eiseley and Asling. Hoy 
ever, more such investigations are neceé 
sary before any generalizations can | 
made regarding expected osteologicl 
causes and effects. 

It is suggested that both the archa 
ologist and the physical anthropologij 
become aware of this sort of anoma 
More such synostosed crania, not only 
the scaphocephalic type, but all thoy 
caused by the premature closure of ot 
sutures, when reported, may broaden t! 
clinical picture. The time depth and ¢ 
quences involved in archaeological spej 
mens can sometimes shed light on genep) 
and population distributions of speci 
anomalous characters. The medical lite 
ature, used here as source material, 
as its function the publication of desc 
tions of such anomalies or hypoplasias 
aid in clinical diagnoses and treatme 
The purpose of this paper and any othg 
describing pathologies or physical oddity 
in archaeological populations could 
used to clarify genetic and demograp} 
studies of ancient peoples. Osteological) 
little is found referent to the diseases whi 
plague human beings, and even with | 
spect to those which do attack bone, fi 
diseases are accepted as being recog 
able in the pathological specimens aT 
served in archaeological collections. 


and record in detail those anomalk 
which are known medically and wh 
can be recognized osteologically. 
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‘XI. THE NERVES AROUND THE 
AXILLARY APOCRINE GLANDS’ 


Although most authors (Shelley and 
°53; Montagna and Ellis, ’58; 
ferry et al., 55) have not found nerves 
ontaining cholinesterase around the apo- 
rine sweat glands of man, Rothman 
P54) and Aavik (55) have reported and 
Justrated such nerves around the axillary 
jpocrine sweat glands. We now find that 
he apocrine axillary glands of the negro 
re surrounded by nerves containing cho- 
mesterase, but those of caucasians are 


MATERIALS AND METHODS 


| Biopsy specimens of axillary skin from 
2 young negro men, and an unspecified 
irger number of specimens from the axil- 
e of caucasian men and women of all 
ses were fixed in chilled, unbuffered, 
1)% neutral formalin for 4 hours. Frozen 
ctions, 25 to 50 u: thick were incubated 
nree hours at 37°C in the mixture of 
oelle and Friedenwald (’49) as modified 
vy Gomori (52) (see Montagna and Ellis, 
17 for the technique). Specific cholin- 
sterase, as used in this paper denotes 
iat enzyme which hydrolyzes acetylthio- 
oline iodide, and which is inhibited by 
ve presence of 10° eserine in the incu- 
ating mixture; pseudocholinesterase hy- 
tolyzes butyrylthiocholine iodide as well 
; acetylcholine and is only partially in- 
bited by eserine. 


OBSERVATIONS 


The apocrine glands in the 12 speci- 
ens of axillary skin from negroes were 
1 surrounded by varying numbers of 
ecific cholinesterase-containing nerves, 
hich are thicker than the nerves that 
Mirround the eccrine sweat glands (figs. 1 
thd 2). Some of the apocrine tubules are 
ore richly supplied with cholinesterase- 
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reactive nerves than others, but all of the 
segments of the same gland are sur- 
rounded by an approximately equal num- 
ber of nerves. The eccrine glands in 
the specimens are surrounded by thin, 
strongly cholinesterase-reactive nerve fi- 
bers (Thies and Galente, 57; Montagna 
and Ellis, 58) which seem to form denser 
skeins than those around the eccrine 
glands of caucasians. 

None of the apocrine glands in the 
many specimens of skin from caucasians 
shows a convincing association with cho- 
linesterase-containing nerves. The occa- 
sional enzyme-reactive nerve one finds 
near some of the glands is probably not 
related to their innervation. 


DISCUSSION 


Since specific cholinesterase has been 
found in both motor and sensory nerve 
fibers (Beckett et al., 56), its presence 
cannot be considered to be a characteristic 
feature of cholinergic nerve fibers. Not 
enough is known about the role of this 
enzyme in the conduction of nerve im- 
pulses, and it would serve little purpose to 
discuss its possible significance. The im- 
portant point here is that cholinesterase 
is present in the nerves around the apo- 
crine glands of the negroes and not 
around those of caucasians. Since all of 
the specimens we have studied are from 
American negroes of unknown origin, it 
will be interesting to see what we will 
find when the glands of various ethnic 
groups have been studied. The _ pres- 
ence of cholinesterase-containing nerves 


1This work was supported by grants from the 
United States Public Health Service, RG-2125- 
(C9), National Science Foundation, G-4392, and 
the Colgate-Palmolive Company. 
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Jaren a! 


cholinesterase-containing nerves. 


nerves around the apocrine glands. 
the nerves can be seen.  X 75. 


around the apocrine glands, then, appears 
to be a characteristic feature of the axil- 
lary skin of the negro. 


SUMMARY 
Specimens of skin from the axilla of 
12 American negroes all show the apo- 
crine glands surrounded by nerves which 
contain cholinesterase. None of the 
glands from the axilla of caucasians 
shows such nerves. 
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Skin from the axilla of a negro showing, in the lower part of the figure, several 
segments of the secretory coil of an eccrine sweat gland, surrounded by numerous, specific 


In the upper part of the figure a few cholinesterase- 
containing nerves surround a part of an apocrine gland. x 75. 

Fig. 2 Skin from the axilla of a negro, showing numerous cholinesterase-containing 
These preparations were not counterstained and only 
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\ Reevaluation of the Dental Status and Chronological 


ige of the Tepexpan Remains 


MELVIN L. MOSS! 


i In the course of a recent roentgeno- 
raphic study of the cranial collections of 
ue Museo Nacional in Mexico City an 
pportunity was provided to examine and 
ray the Tepexpan cranial remains, 
sanks to the courtesy of Prof. J. Romero, 
of. A. Romano, Dr. S. Fastlicht and Sr. 
ario Pichardo del Barrio. These data, 
gether with other human comparative 
anial and dental material, suggest a 
»SSible revision to the published state- 
ients concerning both the dental status 
nd chronological age of this individual 
De Terra, Romero and Stewart, 749). 


Dental status 


New dental x-rays of the specimen, 
dy of other human skulls of established 
-e and the professional experience of the 
thor lead to the following corrections 
the description of Fastlicht (749). 
1) There is no supernumerary tooth in 
maxilla. On the contrary, this is 
ost probably the root of an extremely 
Sraded upper right central incisor tooth. 
thly dissection of the maxilla will defini- 
‘ely answer this question. It is possible 
at ante-mortem fracture hastened the 
ss of crown height, although severe 
rasion by itself could account for such 
Bloss of substance (fig. 1). This diag- 
sis has been independently confirmed 
a number of oral diagnosticians, both 
§)Mexico and in this country, who viewed 
7 films without prior knowledge of their 
fgin. (B) It is extremely likely that 
ere periodontoclasia (“pyorrhea”) ex- 
ed ante-mortem. A pattern of alveolar 
struction with a decreasing postero-an- 
ior gradient of severity has been re- 
ted in the American Indian (Leigh, 


| Department of Anatomy, College of Physicians and Surgeons, 
Columbia University, New York 


Fig. 1 Labio-lingual x-ray of the upper right 
maxillary tooth in the Tepexpan remains. The 
crown is abraded to the level of the alveolar 
ridge. The coronal area has a broad, flat, ellip- 
tical form when viewed in the specimen. 


25). It should be noted that this pattern 
varies somewhat from that currently ob- 
served in New York City (Miller and 
Seidler, “42; Bossert and Marks, 56). 
Figure 2 well illustrates this process in 
the mandible of a modern Mexican, 32 
years of age (DA2-544, Museo Nacional). 
It is obvious that such total destruction 
of alveolar bone would leave no roentgen- 
ographic evidence of an alveolus in the 
residual basal bone of the jaws following 
dental exfoliation. It is likely that most 
of the marked dental loss of the Tepexpan 
specimen is due to periodontoclasia rather 


1 Aided, in part, by grant B-965 (C-3), Na- 
tional Institutes of Health. 
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Fig. 2 Mandible 
Mexican (no. DA2—544, Museo Nacional). 


of a 32-year-old modern 
The 
process of periodontoclasia about these right 
molar teeth has destroyed most of the alveolar 
bone. Continuation of this process would have 
led to the loss of these teeth. This is presum- 
ably the manner in which most of the teeth 
were lost in the Tepexpan specimen. The left 
ramus has been retouched for contrast. 


than to post-abrasive pulp exposure and 
subsequent apical infection. 


Chronological age 


(A) Figure 2 also illustrates that a 
dental loss, of possibly varying etiologies, 
virtually identical with that of the Tepax- 
pan specimen may occur in a relatively 
young adult. This is quite in accordance, 
again with our previous professional ex- 
periences with young Army recruits drawn 
from rural areas of the southern United 
States. (B) There is undoubted evidence 
of severe dental abrasion. However, even 
this degree of tooth crown loss is not in- 
consistent with relatively early age (cf. 
Leigh, 25; Mellquist and Sandberg, 39; 
Rabkin, 43). (C) The differential degree 
of radiopacity of the basal bone in the 
edentulous areas is inconclusive in the 
estimation of age. These differences re- 
flect local differential thickness of both 
cortical plate bone and trabeculae rather 
than a differential reconstitution of empty 
dental alveoli, for the reasons stated 


above. (D) An estimate of chronological 
age (55-65) years has been made, based 
on cranial suture closure and on the data} 
of Todd (table 3,-p. 97, de Terra et al.,} 
49). Current opinion on the use of su, 
tural closure for aging has been succinctly} 
summarized by Singer (53) as a “haz 
ardous and unreliable procedure.” Based 
on these considerations it is permissible 
to revise the possible lower limit of estiy| 
mated chronological age of the Tepexpany 
specimen to 25—30 years. 


SUMMARY 


of the Tepexpan remains should be cord 
rected in the following details: (1) 4 


for the majority of tooth loss, (3) tha 
lower limit of the age estimate is 25—S( 
years. 
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100k Reviews 


This book is the first of a proposed three 
plume work on the ecology of most of the 
nportant human diseases. The present 
yume only covers infectious disease— 
nd not all of these—but other kinds of 
isease such as degenerative and mental 
ill be covered in future volumes. The 
seases included in this volume are due 
a variety of organisms ranging in size 
om viruses to helminths, and there is 
particular order to the coverage of 
ese diseases. However, since each dis- 
ise or group of closely related diseases 
as its own chapter and each chapter is 
ymplete in itself, the absence of order 
bes not detract from the value of the 
bok. But the absence of order and the 
uphazard and, it seems to me, super- 
ial character of the first four theoretical 
apters make it appear that a prodigious 
mount of work was done on each disease 
parately and then’ the lot were thrown 
gether into a book. Nevertheless, the 
ok does contain a great deal of infor- 
lation and will be a useful reference for 
wide variety of scientists including, I 
ype, physical anthropologists. 

The usual arrangement for each chap- 
r is first a definition of the disease and 
1 outlining of the agent(s) and host(s), 
en a tabulation of the geographical dis- 
bution of the disease which usually in- 
des one or more maps, and finally a 
scussion of the factors which determine 
is distribution. These factors are dis- 
ussed under three major headings: in- 


THE ECOLOGY OF HUMAN DISEASE. by Jacques M. May. Foreword by Felix 
Marti-Ibanez. 327 pp. $7.50. MD Publications, Inc. New York, N. Y. 1958. 


organic, organic, and social and cultural, 
and it is in this portion of each chapter 
where some attempt is made to wrestle 
with the explanation of the distribution of 
the disease. To the reviewer these at- 
tempts were not too successful, and their 
failure appeared to be due for the most 
part to the nature of the data on the 
distribution of disease. The great major- 
ity of these data are government statistics 
on the numbers of cases and deaths for 
each disease within the country. Since 
countries or colonies are political units, 
they are seldom ecological units. Thus, 
it is difficult—if not impossible—to relate 
the distribution of disease as given by 
these figures to the inorganic, organic, 
and social and cultural factors or vari- 
ables which the author himself maintains 
are crucial for understanding its distribu- 
tion. The statement that there were 9668 
cases of amebiasis in Ethiopia in 1954 is 
almost meaningless ecologically since this 
area undoubtedly contains many ecolog- 
ical niches both of man and the parasite. 
Much of the book is thus filled with data 
whose ecological significance is difficult 
to ascertain, and this makes the book 
appear to be a compilation of facts but 
not much of a contribution to the ecology 
of human disease—particularly when 
compared to recent British or Russian ef- 
forts (for a review, see J. R. Audy, Trans. 
Roy. Soc. Trop. Med. Hyg., 52: 308-328, 
1958). 


FRANK B. LIVINGSTONE 
Dept. of Anthropology 
Univ. of Michigan 
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field, Ill. $8.75. 


| Twenty years have passed since William 
| Boyd’s original compilation of the ABO 
ood groups of the world, and a new sum- 
jary long has been overdue. Anthropolo- 
ists and human microevolutionists owe 
ch to Dr. A. E. Mourant and his co- 
thors for having collected those data 
Pvering nearly two intervening decades 
nd for having published them in a con- 
Pnient and useful form. It will be recalled 
ourant’s 1954 book omitted the ABO 
ood groups in anticipation of the present 
ublication. 

!The bibliography contains 1056 refer- 
aces but the 240 pages of tables contain 
ita on nearly 4 times that number of 
fries since the authors have wisely pre- 
ved the entity of the smaller population 
hits where feasible. The data are com- 
led in three tables which depend upon 
e distinctions between A: and Az. Most 
ries make no such separation, and are 
fund in table I (pp. 9-215). Populations 
) which both A: and Az have been tested 
fe arranged in table II (pp. 219-232). 
ble III contains series in which A: has 
en proved to be absent (pp. 235-240). 
fich table is geographically organized 
ith the exception that a few well defined 
}pulation groups, such as the Armenians 
usques, Eskimos, Jews, and the Lapps 
Who extend into a number of geograph- 
jal or political areas) are listed in the be- 
ning in each table. 

The first three maps detail the distribu- 
jn of the genes A, B, and O in Europe. 
face these are based upon the most mas- 
ve data, they should be the most reveal- 
concerning the processes of human 
olution. They will certainly prove useful 


THE ABC BLOOD GROUPS. By A. E. Mourant, Ada C. Kopec and Kazimiera 
Domaniewsko-Sobezak. Pp. viii + 276, 6 maps. [Occasional Publication 
No. 13 of the Royal Anthropological Institute.] Charles C Thomas, Spring- 


in many ways but through no fault of the 
authors, they suggest certain deficiencies 
from a microevolutionary point of view. 
With 5 per cent class intervals between 
isogenes, only the grosser features of the 
real distribution can be depicted. This 
scale, which no doubt is necessary in terms 
of sampling reliability, and perhaps other 
factors, may be too coarse to test adaptive 
processes as they may affect these genes on 
a microenvironmental basis. A more ser- 
ious deficiency, which seems inherent in 
the bulk of serological investigations, in- 
volves the identity of the population actu- 
ally sampled. When it is realized that 
microevolutionary studies in general will 
be conducted in one of two major dimen- 
sions, time or space, then specific kinds 
of information concerning the population 
tested is required for its future utility. In 
time-dimensioned designs a population 
must be specified so accurately that a fu- 
ture investigator, several decades later, 
will be able to retest the individuals again 
(or at least follow the pattern of survival 
and mortality among them)—or to retest 
their actual descendants. In a space-struc- 
tured design, it is essential to specify the 
populations sampled, and the nature of 
the total populations they represent. In 
such cases, it is implicit that the factors, 
both cultural and environmental, which 
structure the populations must be detailed. 
Mourant has presented the existing sero- 
logical data in two volumes and all an- 
thropologists are deeply indebted to him. 
What is needed for the future is the sys- 
tematic conversion of serological surveys 
into microevolutionary studies. 


JosEPH B. BIRDSELL 
University of California 
Los Angeles 
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V. 


he Age at Eruption of Third Permanent Molars in 


lale East Africans 


W. K. CHAGULA 


‘Comparative racial studies on the ages 
' eruption of permanent third molars 
ve been made by Suk (719), Hellman 
36), Steggerda and Hill (’42) and Shou- 
» (46). Suk working on the Zulus of 
uth Africa, and Carothers (’47) work- 
= on Kenya tribes, have both studied the 
yption of third molars in the Bantu, but 
ta is still lacking for the greater part of 


Suk found that, in general, third molars 
gered earlier in Zulus than in Euro- 
ans. Carothers’ East African series of 
0 school boys drawn from only a few 
Mya tribes was small and, as he himself 
Mmitted, afforded only tentative con- 
isions. 

(The main purpose of this study was to 
d to Carothers’ data and so to provide 
ditional data for comparison with that 
tained from other African or Negroid ma- 
lial. It was also considered appropriate 
ithe same time, to determine the fre- 
ency of congenitally absent third molars 
id to evaluate the forensic significance of 
jrd molars. 

Mt was lastly felt that a brief and 
Meral discussion of the various factors 
it influence the eruption of teeth might 
low some light on the possible reasons 
the racial differences in the ages at 
iption of third molars. 


MATERIAL AND METHODS 


e investigation was three-fold: oral 
‘living males for presence or absence of 
rd molars; skeletal for the absence of 
‘cd molars; and radiographic on all jaws 
sh absent third molars. 

ral. In all 990 males ranging in age 
im 6 to 26 years were examined. Among 
‘se were male Makerere University Col- 
ie students drawn from many parts of 
st Africa. The rest were male pupils 


Makerere College Medical School, Kampala, Uganda 


attending schools in and around Kampala 
in Uganda. This series includes Bantu 
(the largest group), Nilotes and Nilo-Ham- 
ites. The tribal distribution of the subjects 
was as follows: 


Bantu Non-Bantu 
Ganda 470 Luo 39 
Kikuyu 48 Etesot 17 
Haya 18 Acholi 9 
Chaga 35 
Other 288 Other 66 
Total 859 Total 131 


It may therefore be claimed that this 
series is fairly representative of the native 
population of East Africa. 

The method employed was direct oral 
examination, a permanent third molar 
being recorded as present only when one 
or more cusps had cut the gum. Thus 
fractions of third molars erupted were 
counted as whole teeth erupted. No mirror 
was used during the examination. Each 
subject was asked to open his mouth as 
widely as possible and the teeth were then 
inspected in good natural light. 

The ages of Makerere students were 
those recorded on their medical cards while 
in the case of the school boys the ages 
recorded in the school registers were taken 
as the true ages. Although no birth cer- 
tificates nor registers were available to 
provide incontrovertible evidence of age, 
thorough questioning and the observer’s 
personal experience made the age to within 
a year tolerably certain. All ages were re- 
corded to the nearest year and they are 
probably more accurate before than after 
the age of 13. One source of inaccuracy is 
that after the age of 13, the keen compe- 
tition for entry into secondary schools 
tempts boys to claim a lower age before 
admission. Also, in view of the fact that 
after the age of 13 judgment becomes more 
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difficult for the observer, the results for the 
lower age groups are probably more re- 
liable than those for the higher age groups. 
Generally speaking then, the findings in 
this investigation are less reliable than 
those of Clements et al. (53) where the 
ages of the children were supported by 
birth certificates. 

Skeletal. One hundred eighty-eight adult 
skulls were examined, the criterion for 
adulthood used being the union of the two 
bones at the occipito-sphenoid synchondro- 
sis. 

Radiographic. This was confined to 
those jaws in which no third molar was 
visible on examination of the 188 adult 
skulls. There were only 10 such jaws in 
the skulls examined. 


TABLE 1 


Numbers of third molars erupted in East African males at different ages 


1 2 3 4 5 6 
No. of Males with stated number with ail with no Erupted 
Age males of third molars third third third 
exam- molars molars molars 
ined 4 3 2 1 0 erupted erupted 
years % % % 
25 and 
over 42 36 3 1 0 2 85.7 4.8 92.3 
24 23 19 il 0 1 2 82.6 8.7 87.0 
23 43 38 0 4 (0) ak 88.4 23 93.0 
22 59 47 2 5 3 2 79.7 3.4 84.7 
21 88 64 a 8 5 4 W2et 4.5 84.6 
20 109 82 6 14 4 3 hep. 2.8 90.8 
19 63 44 6 3 2 8 69.8 12:7 80.2 
18 60 36 8 4 1 11 60.0 18.3 73.8 
17 47 26 3 4 3 11 55.3 23.4 66.0 
16 62 29 6 7 5 15 46.8 24.2 Git 
15 104 35 10 13 8 38 Soot 36.5 49.0 
14 88 9 3 13 7 56 10.2 63.6 22:2 
13 51 (0) 3 1 2 45 0 88.2 6.4 
12 44 0 0 0 0 44 0 100 0 
11 34 0 0 (0) 0 34 0 100 0 
10 25 10) 0 10) 10) 25 0 100 (0) 
9 17 0 0 (0) (0) 17 0 100 10) 
8 9 (0) (0) (0) 0 9 0 100 0 
Uf 13 0 0 0 0 13 0 100 0 
6 9 (0) (0) (0) 0 9 (0) 100 (0) 
TABLE 2 


Frequency of congenital absence of third molars in African males 


Total 
Number of 
uerer ane ee ae ites Absent MsS Ab 
x t be sent M3S 
aod peel ohh should be MGS : ier oF before x-ray er x-ray 
present 
188 752 14 1.9 1.9 
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K. CHAGULA 


RESULTS 


The detailed data elicited after oral ex- | 
amination are set forth in table 1, where |) 
the 25 and 26-year age groups have been 
grouped together as “25 years and over.” || 
The percentage of males with all or no || 
third molars erupted in each age group is || 
shown in columns 4 and 5 respectively. || 
For ease of analysis these results are || 
graphically depicted in figure 1. 1) 

The results of the skeletal and radio- || 
graphic examinations are shown in table 2, 
in which the combined incidence of absent || 
third molars in upper and lower jaws is| 
shown. It can be seen that the percentage || 
of absent third molars is very low. Radio-|| 
graphic examination of the 10 jaws with || 
absent third molars did not show any! 
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TABLE 3 
A racial comparison of the frequency of congenitally absent mandibular third molars in males 


ooo  SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsSSSSSsSSSe 


Racial group and author 


Chinese: Hellman (’28) 

Eskimo: Goldstein (’32) 
European: Hellman (’28) 
American Indian: Hellman (’28) 
American Negroes: Hellman (’28) 


West African Negroes: Hellman (’28) 


East Africans: Chagula 


Number of jaws Bed soot MLS 

19 32 

363 25.3 
61 20 
55 is) 

119 11 
49 10) 

188 1.6 


erupted third molars and these must 
herefore be regarded as congenitally ab- 
ent. 

| In table 3 a racial comparison of the 
mcidence of congenitally absent mandi- 
ular third molars in males is presented. 
n the adult male African skulls examined 
mly 1.6% of the mandibular third molars 
yere congenitally absent. This figure was 
btained by first of all multiplying 188 by 
. This gave the total number of mandi- 
‘ular third molars that should be present. 
shere were only 6 mandibular third molars 
ibsent out of the 376, and these expressed 
iS a percentage give the figure 1.6. Again 
1e very low incidence of congenitally ab- 
ent third molars in East African males 
; clearly shown. 


DISCUSSION 


Significance of the presence of all 
permanent third molars 


After examining only 150 boys in a 
enya Secondary School, Carothers (’47) 
ade the following generalization: “If an 
frican has all his wisdoms he is unlikely 
be less than 17 years old.” The data 
aw available do not support this state- 
ent regarding the significance of the 
esence of all third molars in an in- 
vidual. Within particular age groups, 
ywever, one can roughly say what the 
obability would be of meeting a boy 
th all his third molars erupted. Thus at 
e age of 14, inferring from table 1, the 
obability is Lin 10; at 16 years 1 in 2; 
18 years 3 in 5 while above 21 years 
is 4 in 5. 

cial comparison of the ages at eruption 
of third permanent molars 


e investigation shows that in some 
‘@rican boys third molars begin erupting 


at the age of 13 and that by the age of 
20, 75% have had all their third molars 
erupted (table 1). Suk (’19) found that 
in Philippinos and Zulus the third molar 
began erupting at the age of 13 and that 
most boys and girls had a full set of per- 
manent teeth at the age of 20. The largest 
group in the East African series consisted 
of Bantu boys, hence this study corrobor- 
ates Suk’s findings among the Zulus of 
South Africa, concerning the ages at which 
third molars may appear in the Bantu and 
at which the permanent dentition is usu- 
ally completed. 

Suk found that in United States whites, 
the third molar was still absent in most 
cases at the age of 18. Shourie (’46) on 
the other hand, found that in East Indian 
boys third molars started to erupt as early 
as 13 years of age. This investigation, to- 
gether with that of Suk and Shourie, shows 
that the eruption of third molars in Phil- 
ippino, Zulu, East Indian and East African 
boys usually begins at a much earlier age 
than in European boys. 


The forensic importance of third 
permanent molars 


The presence or absence of third molars 
therefore contributes very little to the total 
dental and skeletal evidence necessary for 
determining age in Africans. This investi- 
gation shows that all a medical practi- 
tioner could infer about the age of an East 
African young man with all his third mol- 
ars erupted is that the individual is at 
least 14 years old. Although there is no 
data for females, the main importance of 
this study is that it gives fairly accurate 
data for the first time in East Africa con- 
cerning the earliest age at which third 
molars begin to erupt in boys. 
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Frequency of absent third molars 


Figure 1 shows that the percentage of 
males lacking some or all third molars 
diminishes rapidly and progressively until 
the 20th year and thereafter it remains 
fairly static. In each age group the per- 
centage of absent third molars can be cal- 
culated from column 6 in table 1. This 
percentage includes that of unerupted or 
retained third molars and therefore it may 
be higher than that of congenitally ab- 
sent third molars. The actual frequency 
of congenitally absent third molars can 
be determined after excluding, through 
radiographs of the jaws, all those cases of 
retained third molars. 

In Negroid peoples, the percentage of 
congenitally absent third molars has been 
reported to be very low (Hellman, ’28; 
Goldstein, *32; Thomsen, 52). Table 1 
shows that, at and above the age of 25 
in the African males examined, 7.7% of 
the third molars were absent. Examina- 
tion of 188 male adult African skulls re- 
vealed only 1.9% of the third molars ab- 
sent (table 2). Radiographs of the 10 
jaws with absent third molars in the 188 


Since only 42 living males at and above 
25 years were examined, the study of the} 


tally absent third molars in African males#: 
This study therefore corroborates tha | 
recurrent claim made in the literature tha 
with the exception of American Negroed; 
(Hellman, ’28), the percentage of conge ! 
tally absent third molars in Negroid pec 
ples is very low (table 3). 
Possible reasons for early eruption of thir 
molars in Africans | 


Genetic. Toverud (56) has shown the 
early loss of deciduous teeth due to a 
cause may lead to early eruption of th 
corresponding permanent teeth. Howeve: 
even if it can be proved that African chil 
dren shed their deciduous teeth earlici 
than European or white American chip 
dren, this would not affect the age at erm} 
tion of third permanent molars as thes), 
have no temporary precursors. On tk 
other hand, since genes act on process 
(Haldane, 41) it is possible that the ge op 
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complexes which control the eruption of 
permanent teeth begin to function earlier 
in Africans thus accounting for their pre- 
cocity of permanent tooth eruption. 
Degree of maturity at birth. Dean (’58) 
-has shown that African children are skele- 
jtally more advanced at birth than Euro- 
pean children. In addition the former pass 
the various developmental milestones 
much earlier than the latter. The earlier 
age at eruption of third molars in Africans 
ay find partial explanation in the fact 
\that they are born at a stage which, chron- 
jologically, is attained much later by Euro- 
ean children. 
Relation of dentition to maturity. Al- 


jwhich sexual maturity occurs is closely 
jrelated to both skeletal and dental ma- 
jturity (Tanner, 55), there is no evidence 
jto show that the age at which sexual ma- 
ituration occurs is lower in East Africans 
jthan in White races. Recently, Wilson and 
{Sutherland (753), have stated that in 
{tropical countries, the onset of menstrua- 
ition (and therefore the occurrence of sex- 
jual maturation) may be either early or late 
d that it may be influenced not only by 
‘food habits and nutritional status of the 
individual, but also by social environment, 
wace and climate. They concluded that it 
is not possible, without more extensive ob- 
mervations, to assess the relative impor- 
france of these factors in influencing the 
jage at which sexual maturation occurs. 
# Since it is possible that sexual hormones 
@nay play a part in bringing about dental 
naturation and eruption, a comparative 
study of the degree of development of the 
third molars in boys who attain puberty 
early and those who attain it late might 
throw some light on the role of sexual 
hormones in tooth development and erup- 


SUMMARY AND CONCLUSIONS 


# 1. In East African males third perma- 
fent molars start erupting at the age of 
"3 and by the age of 20 the vast majority 
have all their third molars erupted. 

2. Congenital absence of third molars 
fias been determined in 188 adult African 
®kulls and has been found to be 1.6% of 
the mandibular third molars and 1.9% 
all the third molars. These findings are 


compared with those for other races in 
the literature. It is confirmed that the 
incidence of congenitally absent third mol- 
ars in Africans is very low. 

3. The forensic importance of third per- 
manent molars is briefly discussed. It is 
concluded that the presence of all third 
molars in a male African can only mean 
that he is at least 14 years old. 

4. Since in general third permanent 
molars erupt much earlier in African than 
in Caucasian races, some of the possible 
reasons are discussed. The genetic factor 
in early eruption of permanent teeth in 
Africans is stressed. It is finally suggested 
that a comparison of the degree of devel- 
opment of the third molars between boys 
who attain puberty early and those who at- 
tain it late might help to elucidate the 
role of sexual hormones in tooth develop- 
ment and eruption. 
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[he Cusps on the Mandibular Molars of East Africans 


W. K. CHAGULA 


Makerere College Medical School, Kampala, Uganda 


In the dental literature of the last 60 
‘ears, the number and pattern of cusps 
n the mandibular molars of Negroid 
reoples have been described by Topinard 
1892), Schwerz (715), Shaw (27) and 
ellman (’28) only. Their data forms the 
asis for comparative studies by Sullivan 
20), Goldstein (’32) and Nelson (’37). 
Shaw (’27) however, confined himself 
a study of cusp numbers on the second 
qandibular molars of South African 
antu and Bushmen; he did not describe 
1e cusp patterns on those molars. Hell- 
1an’s (’28) paper, which is frequently re- 
rred to by many authors, was based on 
ae study of the mandibular molars of 
y 49 West African Negroes. Topinard 
892) on the other hand, omitted to 
ention the source of his “African Ne- 
oes,” neither did he state in his paper 
1e number of molars he had studied. 

In their comparative dental studies, 
Idstein (’32) and' Nelson (’37) did not 
emselves study the cusps on the mandi- 
ar molars of any Negroid or African 
30ples, their data on the molars of Ne- 
oes or Africans having been derived en- 
ely from the papers of Topinard (1892) 
id Hellman (’28). Sullivan (’20), whose 
mparative study was confined to the 
cond lower molar, again merely quotes 
lhwerz (715) regarding the cusps on the 
ond lower molars of Negroes. Further- 
re, according to Sullivan (’20), Sch- 
rZ (15) did not state the number of 
ond lower molars he had examined. 


It is evident therefore, that there is pau- 
city of factual information on the num- 
bers and patterns of cusps found on 
African mandibular molars, and that the 
little information that is available from the 
literature is not very reliable. The present 
study was undertaken mainly in order to 
fill this gap in anthropological data. In 
addition, it is aimed to supply for the first 
time, data on the cusps of mandibular 
molars of East Africans and to compare 
this data with that obtained from other 
races by other authors. 


MATERIAL AND METHODS 


The mandibular permanent molars of 
191 East African skeletons were examined 
as to cusp numbers and patterns. Of 
these, only 23 were female, the remaining 
168 being male. Although Goldstein’s 
(732) study of the mandibular molar cusps 
of the Eskimo seems to suggest that fe- 
males tend to have more unstable and 
progressive cusp numbers, the very small 
number of female skeletons in the present 
study, probably would not significantly 
affect the final results. 

The study was confined to those molars 
with clearly visible cusp and groove pat- 
terns on their occlusal surfaces, and this 
in part accounts for the different total 
numbers of first, second and third molars 
examined (table 1). In addition, since 
some molars on some of the mandibles 
were either absent or unsuitable for study, 
the number of skeletons examined were 


TABLE 1 
Cusp numbers on the mandibular molars of East Africans 


Percentage of molars with indicated 


Number number of cusps 
examined 
3 4 5 6 
First molars 245 4.9 88.5 6.6 
Second molars 317 81.4 18.3 0.3 
Third molars 255 0.4 40.7 56.9 2.0 
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TABLE 2 
Cusp patterns on the mandibular molars of East Africans 


Number of 
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skeletons c 
examined Percentage of molars with 
(corresponding indicated cusp pattern 
Feel Y5 +5 Y4 +4 Y6 +6 Y3 
shown in 
brackets ) 
First molars 133 (244) 77.9 10.6 4.1 
Second molars 167 (317) 5.4 12.9 14.5 
Third molars 153 (255) 12.5 44.4 7.4 


again different for each mandibular molar 
(table 2). 

In this study, the number of cusps on 
each molar was first recorded. Following 
the practice of most previous workers in 
this field, the present author recorded half 
cusps as whole cusps. This was done in 
order to make the results comparable to 
those found in the literature. 

The cusp patterns were classified ac- 
cording to the standard method first de- 
scribed by Gregory and Hellman (726) 
and later modified by Hellman (’28). The 
principle of this method is shown in figure 


+6 


Y6 


Fig. 1 Mandibular molar patterns in the Liberian chimpanzee and human dentition. 
M, mesial; D, distal; B, buccal; L, lingual; 1, protoconid, 2, metaconid; 3, hypoconid; 4, 
entoconid; 5, hypoconulid. The chief distinguishing feature between “Y” and “+” patterns 
is the relationship of cusps “3” and “2” to each other. In the “Y” pattern these are in 
contact, in the “+” pattern they are separated by cusps “1” and “4.” 


1 in which it can be seen that it is based 
on the Dryopithecus or Y5 cusp pattern 
The only departure from Hellman’s metho 
of classification in this study was the inj 
clusion of the Y6 and +6 cusp patterns} 
These Y6 and +6 cusp patterns have prey 
viously been described by only Goldsteia) 
(48) and Schuman and Brace (’54). 


RESULTS 


The data obtained from this study i 
given in detail in tables 1 and 2. Thi 
data is later incorporated in tables 3 to | 
in which results of similar studies on | 
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mber of other ethnic groups are also 
iven. These results can be summarized 
is follows: 

} 1. In East Africans and all the other 
ithnic groups shown in the tables, the 
last majority of first permanent mandib- 
jlar molars have 5 cusps (tables 1 and 
+). In addition, in East Africans, as in 
jl the other racial groups shown in 
lable 6, the first permanent mandibular 
nolar is the most primitive or conserva- 
ve in that it shows the Dryopithecus or 
‘5 cusp pattern most frequently. 
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2. In East Africans and all other ethnic 
groups except the Eskimos studied by 
Goldstein (’32) and the South African 
Bantu (Shaw, ’27), the majority of second 
permanent mandibular molars have 4 
cusps—while the percentage of second 
molars with 5 cusps is very low (table 4). 
The majority of second mandibular mo- 
lars in East Africans possess the +4 cusp 
pattern (table 2). 

3. East Africans show a swing back 
to 5 cusps on the occlusal surfaces of the 
majority of their third molars (table 1). 


TABLE 3 
Cusp numbers on first mandibular molars 


Racial Number Percentages of molars with indicated cusps 
group and of 
author molars 5 4 41, 512 4 6 

Europeans 

Rose 1892 466 92.3 Tet 

Bolk 1914 304 72.4 27.6 
Eskimo 

Goldstein 1932 137 59.8 Dal 18.2 1.5 15.3 
Malay 

Topinard 1892 ? 83.3 7.4 SE 15t5) 
Australian aboriginals 

Campbell 1925 88 94.0 Si 2.5 
African Negroes 

Topinard 1892 2 88.1 8.5 3.4 
East Africans 

Chagula ' 244 88.5 4.9 6.6 

TABLE 4 
Cusp numbers on second mandibular molars 
Racial Numb ot Percentages of molars with indicated cusps 
oucn Aye 5 4 4% 5% 6 3 43 

Europeans 

Rose 1892 435 15.9 83.0 1.1 

Bolk 1914 438 2.0 98.0 
Eskimo 

Goldstein 1932 188 28.2 21.8 22.3 2.1 0.5 22.9 
Australian aboriginals 

Campbell 1925 125 32.0 63.4 4.8 
Negroes 

Terra 1905 28 28.5 leo) 

Schwerz 

(Sullivan 1920) ? 34.0 66.0 
South African Bantu 

Shaw 1927 196 55.1 44.9 
East Africans 

Chagula 317 18.3 81.4 0.3 
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TABLE 5 
Cusp numbers on third mandibular molars 


i a a a ea a es i | 


Racial Number 
group and {0} 
author molars 5 
Europeans 
Rose 1892 356 42.1 
Bolk 1914 304 45.7 
Eskimo 
Goldstein 1932 153 49.7 
Australian 
Campbell 1925 110 CPA 
Negroes (African) 
Terra 1905 24 58.3 
East Africans 
Chagula 255 56.9 


This is in line with the findings in other 
ethnic groups except Europeans (table 5). 
The majority of third mandibular molars 
in East Africans and other ethnic groups, 
with the exception of Europeans and 
Chinese, possess the +5 cusp pattern 
(table 8). 


Comparison of results with those 
for other races 


Cusp numbers 


First mandibular molars. In the ma- 
jority of the racial groups shown in table 
3, the percentage of first molars with 5 
cusps is well over 70%. An apparent ex- 
ception are the Eskimos in whom Gold- 
stein (’32) found that well below 70% 
of the first molars had 5 cusps. This 
exception, however, disappears when it is 
remembered that Goldstein recorded half 
cusps as such. Thus, to most authors, 
4¥2 cusps would most probably count as 
5 cusps. If we therefore add Goldstein’s 
percentage of first molars having 414 
cusps to that of first molars with 5 cusps, 
a figure of 78% is obtained. This is the 
percentage of first molars with 5 cusps 
that Goldstein would have obtained if he 
had regarded half cusps as whole cusps. 
In all racial groups shown in table 3, the 
percentage of 4-cusped first molars is gen- 
erally speaking very low. 

Second mandibular molars. In most 
racial groups including East Africans, 
well over 50% of second molars possess 
4 cusps (table 4). The Eskimos studied 
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Percentages of molars with indicated cusps 


4 4 5, «6 3 aS 
51.4 Ly 48 
54.3 

5a" 450° 3.35. 06 20.9 
27.3 
41.5 
40.7 2.0 04 


by Goldstein (32) appear again to 
one exception to this generalization. Thi 
exception may have resulted from the ex 
tremely complicated method of recordin 
cusps that Goldstein adopted. Thus ac 
cording to most authors, Goldstein’s per 
centages of second molars with 44% ani 
4% may well have been included in the 
of second molars with 4 cusps. Thi 
would have raised his figure to well ove 
60%. The other exception is the South 
African Bantu examined by Shaw (27) 
This author found only 44.9% of secon) 
molars with 4 cusps, while the remainin 
55.1% had 5 cusps. The present authos 
however, found that 81.4% of second mc 
lars in his East African material had | 
cusps and only 18.3% had 5 cusps (tabll 
4). Since most of the second molars i 
the present study belonged to Bants 
tribes, the marked difference in cusp nu 
bers between the results obtained from 
South African Bantu and those from Eas 
African Bantu is interesting. A furthe 
more extensive study of the dentitions & 
both Bantu groups is urgently needed 
especially as the criteria used for disti 
guishing the Bantu are linguistic and nea 
physical. A difference may well exist be 
tween the South African and East Africa 
Bantu in respect to their dentitions. 
Third mandibular molars. Table | 
shows that in all racial groups excey 
Europeans, the majority of third molan 
possess 5 cusps. In general, in all race 
including Europeans third molars posses 
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cusps much more frequently than sec- 
ad molars. The Australian Aboriginals 
2em, however, to have a much higher 
ercentage of 5 cusped third molars than 
ll the other races and they would there- 
wre appear to be in a different class 
ltogether. 

It should be mentioned that in the East 
frican material, the author found a 
mall percentage of both 6-cusped and 
aree-cusped third molars. This is not a 
ding peculiar to East Africans, for both 
jose (1892) and Goldstein (’32) have 
corded such third molars among Euro- 
zans and Eskimos respectively. 


usp patterns 


First mandibular molars. In all the 
aces shown in table 6, the first molar is 
we most conservative since it still retains 
he YS or Dryopithecus cusp pattern to 
he highest degree (tables 6 to 8). It is 
f interest to note that this general state- 
hent applies also to the Liberian Chim- 
janzee whose mandibular molar percent- 
We Cusp patterns, as described by Schu- 
an and Brace (’54), are included in 
bles 6 to 8. 

| From a comparative standpoint, how- 
er, many of the figures given in table 6 
wre of very little value. Thus from table 6 
fone, one cannot categorically conclude 
iat the first mandibular molars of Chi- 
ese and Australians are more primitive 
jan those of Eskimos, Europeans and 
jfrican Negroes. This is because in most 
fases, especially in respect to Chinese and 
justralians, Hellman (’28) studied very 
|w individuals as compared to Pedersen 
49). From table 6 it is obvious that 
Jellman’s and Pedersen’s figures are not 
, all comparable and that no conclusions 
‘mould be drawn from them. Again, it is 
‘sy to conclude from table 6 that the 
st molars of East Africans are more 
lvanced as to cusp pattern than those 
Europeans studied by Hellman. This 
‘nclusion would not be acceptable either 
view of the fact that the relative num- 
rs of first molars examined by Hellman 
id the present author are not compar- 


TABLE 6 
Percentage distribution of cusp patterns on mandibular first molars 


The number of individuals examined is shown in parentheses 
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1.4 


0.6 


88.6 


Nelson 1937 332 (164) 


Pecos Indians 


7.0 4.0 


8.0 


2.0 
2.0 


98 (61) 87.0 


Hellman 1928 


Dahlberg 1949 


European Whites (male) 


Chicago Whites 
Australians 


2.0. 


84.0 


2? (75) 
18 (20) 
97 (49) 


100.0 


Hellman 1928 


1.0 
4.1 


99.0 


Hellman 1928 
Chagula 


African Negroes 
East Africans 


1.7 


4.9 
25 


0.8 
2.0 


10.6 


77.9 


244 (133) 


54.0 


96 (48) 


Schuman and Brace 1954 


Liberian Chimpanzee 


88 


TABLE 7 
Percentage distribution of cusp patterns on mandibular second molars 


The number of individuals examined is shown in parentheses 


+6  Unclassed 


Y6 


Y4 


Percentage incidence of indicated cusp patterns 
+5 +4 


Y5 


Number 
of 
molars 


Author 


Racial 
group 


81.0 


19.0 


21 (19) 
115 (?) 


Hellman 1928 


Chinese 


Eskimo 


15.0 


42.0 4.0 35.0 


9.0 
8.3 


1 


Pedersen 1949 
Nelson 1937 


66.1 


1.3 
5.0 


24.3 


313 (164) 
110 (61) 


Pecos Indians 


94.0 


1.0 
43.0 


Hellman 1928 


European Whites 


52.0 
63.0 


5.0 
7.0 
5.4 
6.0 


21 (20) 
96 (49) 
317 (167) 


Hellman 1928 


Australians 


12.0 


8.0 
12.9 


1 


Hellman 1928 


African Negroes 


66.9 0.3 


14.5 


Chagula 


East Africans 
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16.0 


9.0 


1.0 


59.0 


1 


99 (50) 


Schuman and Brace 1954 


Liberian chimpanzee 


pattern. The Liberian chimpanzee, on thi} 
other hand, shows a predominance of tl] 
+5 cusp pattern on its second molars. | 


arise in connection with second molar} 


Thus the findings in the Chinese anj 
Australians as shown in table 7 shoujj 


extremely small number of molars stuj 
ied. Also, it is difficult to say by lookin 
at table 7, whether the second molars }| 
European Whites are more advanced, 4 
garding their cusp patterns, than tho} 
of either Pecos Indians or East Africans-} 
due again to the marked differences ;| 
the relative numbers of molars examin¢| 
in the respective racial groups. | 

Third mandibular molars. In genet 


Whites—the third molars show the + 
cusp pattern more frequently than tl 
+4 cusp pattern. This also applies — 
the Liberian chimpanzee. 

In this study, many third molars 
not show any definite cusp pattern 2 
these were excluded from the study. | 
respect to cusp patterns on the third 
lars of East Africans, the present auth: 
confirms Dahlberg’s (49) statement th 
< . the third molar is an extreme 
variable tooth and cannot be trusted t 
much as to pattern.” ) 

For comparative purposes, the same a 
jections as were stated while discussii 
the cusp patterns of first and second low 
molars in various races, can also be rais: 
here against the usefulness of some | 
data in table 8. For instance, it would 
misleading to draw any conclusion fra 
the percentage incidence of the variop 
cusp patterns on the mandibular thi 
molars of Australians if this figure 
arrived at after examining only 23 mola 
Equally, as table 8 shows, it would not | 
permissible to conclude that the thi 
molars of East Africans are more conss 
vative or primitive as to cusp pattern th 
those of European Whites in view of @ 
fact the present author studied over th 
ei as many molars as Hellman (2 
did. 


on mandibular third molars 
d is shown in parentheses 


The number of individuals examine 


Percentage distribution of cusp patterns 


Percentage incidence of indicated cusp patterns 


Y3  Unclassed 


Y4 +4 +6 
50.0 


+5 
50.0 


Y5 


Author 


Racial 
group 


16 (19) 
bor?) 
249 (164) 


Hellman 1928 


Chinese 


Eskimo 
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16.4 


61.5 9.1 


12.7 


Pedersen 1949 
Nelson 1937 


4.8 35.8 


51.0 


8.4 


Pecos Indians 


62.0 


34.0 


4.0 


74 (42) 
93 (20) 

88 (49) 
255 (153) 
114 (57) 


Hellman 1928 


European Whites 
Australians 


14.0 


72.0 


14.0 


Hellman 1928 


17.0 


3.0 
7.4 


59.0 


20.0 


Hellman 1928 


African Negroes 
East Africans 


2.0 0.4 


33.3 


44.4 


12.5 


Chagula 


5.0 


24.0 


71.0 


1.0 


Schuman and Brace 1954 


Liberian chimpanzee 


CONCLUSIONS 


It is clear therefore that, except in a few 
instances, we are not at present in a posi- 
tion to say to what extent the mandibular 
molars of the various racial groups have 
evolved from what they were in Dryopi- 
thecus—regarding their cusp patterns. 
What is urgently needed is a repetition of 
the work of such earlier workers as Topin- 
ard (1892), Rose (1892) and Hellman 
(28)—using an adequate number of 
molars and a uniform method of record- 
ing the molar cusp numbers and patterns. 
The present author is thus in full agree- 
ment with Goldstein (’32) when he said, 
“Topinard long ago noted that statistics 
on the cusps of the lower molars varied 
with each observer. Whether the discrep- 
ancies may be due to differences in num- 
ber of specimens examined, or the method, 
detailed care, is oft-times impossible to as- 
certain, because the number of specimens 
and other data are not given.” Goldstein 
(32) further states that “... the above- 
mentioned discrepancies introduce a dis- 
turbing element of uncertainty as to the 
validity of the recorded racial differences 
in the molar cusp numbers. A real need 
exists for definite criteria and rules to 
guide observers of cusp numbers (and 
patterns) in the molar teeth... .” 

The fact that Goldstein’s remarks are 
still as true today as when they were first 
made 26 years ago reflects the unsatis- 
factory state of our knowledge regarding 
differences in the cusps of the mandibular 
molars of various races. The world is 
therefore still badly in need of dental data, 
obtained by standardized methods of ob- 
servation and recording, which will form a 
reliable basis for human comparative 
dental studies. 


SUMMARY AND CONCLUSIONS 


1. The author has described for the first 
time the cusp numbers and patterns on the 
mandibular molars of 191 East African 
skeletons. 

2. It has been found that the most fre- 
quent cusp number in East African mandi- 
bular molars is 5 in the first molars, 4 in 
the second molars and 5 in the third 
molars. The most frequent cusp pattern 
in the first mandibular molars in East 
Africans is Y5; in the second molars it is 
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+4; while in the third molars it is +5. 
These East African results broadly agree 
with those for other races in the literature. 

3. The East African findings are later 
critically compared with those for other 
races by other authors. In connection with 
mandibular molar cusp numbers and pat- 
terns, it is concluded that most of the 
data in the world dental literature is of 
very little value for compartive purposes 
and therefore it should not be employed 
in making statements about racial differ- 
ences. 

4, It is strongly suggested that a repeti- 
tion of most of the studies of the older 
dental students—using an adequate num- 
ber of observations and a uniform method 
of recording those observations—is what is 
urgently needed now. 
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| study of the Bilaterality of Human Hair 
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Wool fibers from various breeds of 
eep have different keratin properties on 
2 convex and concave sides of the crimp. 
e convex side (the “orthocortex” of 
ercer, 53) stains strongly with hot basic 
res (Horio and Kondo, ’53) and is fairly 
sily attacked by keratolytic agents (Dus- 
bury and Menkart, 55). On the concave 
le the “paracortex” (Mercer, ’53) does 
it stain with hot basic dyes and is more 
sistant than the convex side to chemical 
enzymatic decomposition. In trans- 
tse sections of stained fibers the “or- 
> and “para” segments are most sharply 
fined in wool of small diameter (Fraser 
td Rogers, 55) and it is the fine wool 
ers which have the greatest crimp curva- 


#s is not always seen. In wool from pig- 
*nted breeds (Laxer, Whewell and 
bods, 54) there is’ an asymmetric dis- 
Soution of melanin which is associated 
th the crimp; melanin granules are 
‘sre concentrated on the concave side of 
fp fiber. 

Because of the close association between 
& crimp of wool and bilaterality of the 
atin, Fraser and Rogers (’55) have 
gested that this phenomenon may oc- 
- in all sufficiently curly mammalian 
irs. Mention of human hair in connec- 
Ian with wool bilaterality was made by 
jsenbury and Menkart (’55) and Men- 
Mt and Coe (’58) but it was not made 
lar whether the hair examined was in 
t of a highly curly type. In one case 
| hair was stated to be that of a blonde 
Iropean, which one would not expect to 
extremely curly. No detailed study of 
# more spiralized Bushman, Hottentot 
fi Negro hair has been made from this 
jnt of view. 


College London, W.C.1 


PRESENT INVESTIGATION 


In the present investigation human 
scalp hairs from various races have been 
closely compared with merino wool, to de- 
termine whether any keratin bilaterality or 
asymmetry of pigment is present, and to 
see if any variation exists between the 
different forms of hair. 


MATERIAL 


For the keratin examination, 6 speci- 
mens of albino Negro hair from Southern 
Nigeria, in which pigment is very much 
reduced, were used because heavy pigmen- 
tation obscures staining and the appear- 
ance of birefringence under polarized light. 
Small diameter merino wool which shows 
good keratin bilaterality was used for com- 
parison. In addition 6 samples of pig- 
mented Nigerian hair, one of Bantu from 
S. Africa, 6 of Bushman, one of Hottentot, 
one of blond naturally wavy European hair, 
and a mixed sample of straight Chinese 
hair were examined in less detail. All pig- 
mented hairs were examined for asym- 
metric melanin distribution. 


Staining reactions 


Samples of wool and negro hair were em- 
bedded in the same paraffin wax block and 
cut at 6 u transversely to the long axis of 
the fibers; direct comparison of sections 
of hair and wool mounted on the same 
slide was thus achieved. 

The sections were immersed in 0.1% 
solution of several different stains for two 
hours at 60°C and then decolored in 
dilute hydrochloric acid according to the 
technique of Horio and Kondo (’53). 
Methyl violet, basic fuchsin and safranin, 
which are basic dyes, and Ponceau S an 
acid dye were used. 
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The bilateral staining of the wool was 
clearly seen; only the “orthocortex” was 
markedly basophilic (fig. 5) and as found 
by Horio and Kondo (’53) only the “para- 
cortex” was stained with the acid dye (fig. 
3). The Negro hair showed strong overall 
staining with basic dyes (fig. 6) but prac- 
tically no staining with the acid dye, Pon- 
ceau S at pH 7 (fig. 4). This suggested 
a similarity of the whole human hair cor- 
tex to wool “orthocortex.” Staining with 
methyl violet was somewhat patchy but 
it was thought that this was due to an 
uneven staining of individual cortical cells 
rather than to variations in staining be- 
tween the different cortical cells. In frag- 
ments of hair cut longitudinally along the 
fiber and stained with methyl violet, and 
also in individual cortical cells separated 
by the papain, urea, bisulphite technique 
of Lennox (’52), the middle part of the 
cortical cell tended to be more basophilic 
than the tapering ends. This might ac- 
count for any uneven staining seen in 
transverse sections. 

With Ponceau S staining it was clearly 
the smaller “para” segment of the wool 
that was stained. This confirmed the orig- 
inal findings of Horio and Kondo, but or- 
thocortical staining with acid dyes reported 
by Dusenbury and Coe (’55) was not 
encountered. 


Supercontraction and trypsin digestion 


Keratin is normally resistant to trypsin 
digestion but Mercer (’53) has shown 
that the orthocortex unlike the paracortex 
of wool can be supercontracted in super- 
heated steam. After this treatment the 
orthocortex can be digested by trypsin but 
the paracortex remains resistant. 

Samples of Nigerian hair and wool were 
autoclaved at 120°C for 90 minutes to 
supercontract the wool orthocortex. They 
were then digested in 2% trypsin solution 
adjusted to pH 8.6. The partially digested 
hair and wool fibers were taken through 
alcohols, mounted in ortho-dichlorbenzene, 
which has roughly the same refractive in- 
dex as keratin, and examined under polar- 
ized light. By mounting the hairs in this 
way, reflections from the fiber surface were 
avoided and the observed birefringence 
was due largely to the crystalline nature 
of the keratin. Wool orthocortex complete- 


ly lost its birefringente after trypsin c 
gestion but there was no comparable lo} 
in human hair. | 

Transverse sections of trypsin-digeste 
hair and wool were mounted on the sam 
slide and stained in 0.1% aqueous ac} 
dine orange for fluorescence microscoy 
(Jarrett, Bligh and Hardy, ’56). Afti 
supercontraction the orthocortex of tl 
wool fluoresced orange indicating that tl 
keratin in this region had been altere; 
The fluorescence of the orthocortex w) 
greatly enhanced after further trypsin ¢ 
gestion and only at this stage was bir 
fringence lost; this was in marked co} 
trast to the paracortex which was une 
fected by these procedures and retaing 
the same blue-green fluorescence with acy 
dine orange as untreated wool and hai 

After supercontraction Nigerian ha 
fluoresced blue-green with acridine oran: 
but after additional trypsin digestion th 
whole cortex fluoresced orange with th 
fluorochrome and was similar to the ort 
cortex of wool. However, human hair, u 
like wool orthocortex, did not complete ( 
loose its birefringence after the same 
gree of trypsin treatment. In its resista 
to trypsin digestion after autoclaving, N 
gerian hair appears, therefore, to be i 
termediate between wool ortho- and pa 
cortex and no bilateral difference in ker 
tin properties was detected. 


Effects of acid and alkali 


The solubilities in alkali, of one samy 
of Bantu hair, and one of merino w 
keratin after hydrolysis for various ti 
in boiling dilute sulphuric acid was é 
amined; the insoluble residue was mez 
ured gravimetrically. The technique us: 
has been described by Dusenbury, Mera 
and Wakelin (’54). The results obtain: 
confirmed their findings that human h: 
was more resistant than wool to prolong: 
acid hydrolysis followed by alkali tre; 
ment. 

Sections and whole hairs were exami 
microscopically in various concentratio; 
of sodium hydroxide. Sections of haw 
showed uniform swelling in all concen : 
tions. While whole curly hairs straigs 
ened out in the alkali, loss of birefringer 
over the fiber was uniform suggesting tH 
no keratin bilaterality in fact existed. 


Peracetic acid oxidation 


Hairs and wool were cut into short 
yengths and immersed in 3% _ peracetic 
wcid for 24 hours. This treatment spe- 
sifically oxidizes the disulphide linkages 


After washing in water the hairs 
were stained in 0.1% methylene blue 
. The wool “para- 


Histology 


One specimen of Negro scalp sectioned 
‘ind stained in hematoxylin and eosin was 
“sxamined microscopically. The hair fol- 
“icles showed the same curved form with 
& retroverted bulb region as Auber (752) 
lescribed in the follicles of crimped wool. 


“oot sheath on the concave and convex 
“ides of the developing hair, as shown to 
“yccur in the sheep, were not detected in 
‘he few human hair follicles examined. 


Pigmentation 


When normally pigmented Negro hairs 
ere examined under the microscope the 
ibundant pigment seemed to be uniformly 
listributed in the fiber. However, when 
‘hairs were treated with N/10 sodium hy- 
flroxide the keratin swelled and melanin 


i egro hair was revealed by partial bleach- 
lng in hydrogen peroxide (10 vols. buffered 
lo pH 6.0), overnight at room tempera- 
lure (fig. 1). Samples of Bushman and 
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No asymmetric melanin distribution was 
seen in the straight Chinese hair. These 
findings indicate that, as was found in 
sheep and vicuna (Laxer, Whewell and 
Woods, ’54), bilateral differences in pig- 
mentation are most readily observable in 
more curled hairs. 


DISCUSSION 


It appears from the present work in 
which a variety of techniques have been 
used that there is no appreciable differen- 
tiation of the keratin of human hair cortex 
into ortho and para types. The keratin of 
Negro hair behaves similarly to wool ortho- 
cortex in its reactions to stains but is in- 
termediate between wool ortho and para- 
cortex in resistance to supercontraction 
and trypsin digestion. Dusenbury and 
Menkart (755) regarded human hair cor- 
tex as a pure para type of keratin on the 
basis of peracetic acid oxidation and alkali 
solubility studies. According to Mercer, 
Golden and Jeffries (754) paracortex is 
characterized by a high content of disulph- 
ide bonds which determine its relative 
stability. Fraser and Macrae (’56) have 
shown some para type staining in mohair 
which is regarded as pure orthocortex 
on the basis of other techniques. It 
would apear that comparisons of different 
keratins do not necessarily give the same 
results when different methods of investi- 
gation are used, presumably because the 
reactions to the various procedures depend 
on different chemical properties of the 
keratin. 

Although in wool a high degree of 
crimp is associated with both pigment and 
keratin bilaterality, in human spiralized 
hair the former occurs without the latter. 
The reason for the pigment asymmetry in 
terms of the underlying activity or distri- 
bution of melanocytes in the hair bulb is 
not at present clear. 


SUMMARY 


1. Spiralized Negro and Bushman hair 
has been compared with crimped merino 
wool to see whether bilateral differences 
in the cortex associated with hair curl 
could be detected. 

2. No bilateral difference in human ker- 
atin was demonstrated even in very curly 
hairs. The keratin was intermediate be- 
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tween ortho and paracortex by some of 
the techniques used. 

3. A marked asymmetry of pigmenta- 
tion was found in Negro and Bushman 
hair with the greater concentration of mel- 
anin on the concave side of the curl. No 
asymmetry was found in straight Chinese 
hair. 

ACKNOWLEDGMENTS 

We are grateful to Dr. W. N. Goldsmith 
for the interest he has shown in this work, 
and we wish to thank Dr. A. Jarrett and 
Dr. E. H. Mercer for their advice and 
criticism. 

We are indebted to the following for 
samples of hair: Dr. H. Eriksen and Dr. 
P. V. Tobias of Witwatersrand University, 
and Dr. M. J. Toerien of Stellenbosch Uni- 
versity, South Africa; Mr. Huan Hsiang, 
Chargé d’Affaires of the People’s Republic 
of China, and Mr. K. P. Oakley of the 
British Museum (Natural History). We 
wish to thank Mr. A. Bligh for advice 
on photography. 

One of the authors, Mr. R. I. Spearman, 
holds a personal Grant from the Medical 
Research Council. 


LITERATURE CITED 


Alexander, P., and R. F. Hudson 1954 Wool— 
its Chemistry and Physics. Chapman & Hall, 
London, p. 265. 

Auber, L. 1952 The anatomy of. follicles-pro- 
ducing wool fibres with special reference to 


Dusenbury, J. H., and A. B. Coe 1955 Differen 
tial dyeing as an indicator of bilateral struc 
ture in wool: New finding. Text. Res. J., 25 
354-358. 

Dusenbury, J. H., and J. Menkart 1955 Thi 
present state of the ortho and paraconcep 
Proc. Int. Wool Text. Res. Conf. Austr., F, 1422 
150. | 

Dusenbury, J. H., E. H. Mercer and J. H. Wakelii 
1954 The influence of chemical treatment 0 
the properties of wool. I. Alkali solubility as | 
measure of sulphuric acid degradation. Tex‘ 
Res. J., 24: 890-899. 

Fraser, R. D. Bs, and T. P, Macrae 1956 & 
distribution of ortho and para-cortical cells ii 
wool and mohair. Ibid. 26: 618-619. 

Fraser, R. D. B., and G. E. Rogers 
bilateral structure of wool cortex. 
Wool Text. Res. Conf. Austr., F, 151-155. 

Horio, M., and T. Kondo 1953 Crimping ¢ 
wool fibres. Text. Res. J., 23: 373-386. 

Jarrett, A. 1958 Chemistry of the inner r 
sheath and hair keratins. Brit. J. Derm., 7% 
271-283. 

Jarrett, A., A. Bligh ‘and J. “A: Hardys)@a 
Fluorescent microscopy of the human skii 
Ibid., 68: 111-119. 

Laxer, G., C. S. Whewell and H. J. Woods 19% 
Asymmetry of distribution of melanin in pi 
mented wools and its correlation with fib 
crimp. J. Text. Inst., 45: T, 482-486. 

Lennox, F. G. 1952 Digestion of wool kerati 
by papain-bisulphite-urea and related syste 
Aus. J. Sci. Res., B5: 189-209. 

Menkart, J., and A. R. Coe 1958 Microsco 
studies on the structure and composition 
keratin fibres. Text. Res. J., 28: 218—-226., 

Mercer, E. H. 1953 The heterogeneity of tk 
keratin fibres. Ibid., 23: 388-397. 

Mercer, E. H., R. L. Golden and E. B. Jeffri: 


keratinisation. 
191-254. 


Trans. Roy. Soc. Edinb., 62: 
wool. Ibid., 24: 615-618. 


PLATE 1 


EXPLANATION OF FIGURES 


Two Nigerian hairs (1a and 1b) after bleaching in hydrogen peroxide. Pigmentation 
is seen to be denser on the concave aspect. Whole mounts unstained in Canada balsam. 
* 200. 


Transverse sections of two Hottentot hairs (2a and 2b) unstained; to show bilateral 
difference in distribution of melanin granules. x 700. 


Transverse sections of merino wool fibers. Stained in Ponceau S. adjusted to pH 7 
Horio and Kondo’s method. The “paracortex,” which comprises the smaller segment, is 
stained. x 700. 


Transverse section of human hair (Nigerian albino) stained on the same slide as the 
wool in figure 3. The fiber has not taken up the stain and is comparable to the “ortho- 
cortex” of the wool. x 700. 


Transverse sections of merino wool fibers stained in methyl violet; Horio and Kondo’s 
method. The “orthocortex” has taken up the stain. x 700. 


Transverse section of human hair (Nigerian albino) stained on the same slide as the 
wool in figure 5. The whole fiber has taken up the stain and is comparable to the 
“orthocortex” of wool. x 300. 


1954 Distribution of cystine in the cortex | 
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fossae in Closed Skulls 


In an investigation into the character- 
stics of the trigeminal impression and the 
dossible relation of these characteristics to 
ther features and diameters of the middle 
fossa in the human skull, a problem was 
jpresented by the relative inaccessibility of 
he various parts without removal of the 
‘palvarium. 

| This short paper describes a relatively 
‘simple technique whereby surface features 
of the interior of the skull may be dis- 
flayed; if required, exact measurements of 
jany particular feature may be made and 
related to the measurements of the interior 
of the base as a whole. This technique 
ould be of value in the survey and exami- 
aation of specimens from institutional col- 
fections where removal of the calvarium 
tmight be undesirable. Radiology already 
jorovides a means for accurate measure- 
iment of internal diameters, but it is less 
useful in revealing surface details, e.g., 
Jeanalization of blood vessel grooves, diam- 
eters of grooves or crests in complex 
jangles of bones, relative smoothness of 
Surfaces, volumetric estimations or meas- 
ement of shallow depressions. 


METHOD 


Essentially the method depended on the 
simple process of taking impressions of 
he base by means of dental wax mounted 
lon a carrier plate and passed through the 
jforamen magnum; plaster casts were made 
ifrom the wax impressions and aligned by 
eans of a key strip. 

The carrier plates for the wax consisted 
jof rectangular pieces of malleable copper 
Jplate approximately 5 cm X 2.5 cm at- 
‘tached to a wire handle (fig. 3) on which 
ithe softened wax (approximately 1 cm 


Measurement and Surface Features of the Cranial 
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thick) was molded. The correct plasticity 
of the wax (Stents Composition )* was ob- 
tained by immersion in water at 60°C. 
Before taking an impression the surface of 
the composition was flamed with a bunsen 
and immersed quickly in hot water. Distor- 
tion on removal of the wax from the skull 
and subsequent handling was effectively 
prevented by the backing support given by 
the carrier plate. The handles could be 
bent easily and the plates pressed on the 
required areas in succession. Each cranial 
fossa required about three overlapping wax 
impressions. These were pared with a 
scalpel to fit the corresponding impression 
on either side and the whole mounted on 
plasticine. From this a plaster cast was 
taken and thus the cranial fossa was re- 
constructed (fig. 1); no difficulty was ex- 
perienced in the reconstruction of the less 
accessible anterior fossa by this method 
(fig. 2). 

The most suitable length for the wire 
handles depended on the area from which 
the impression was required. Likewise, 
the plate may be curved to suit the various 
concavities encountered. Thus a selection 
of instruments of different shapes and 
sizes simplified the procedure. 

In order to allow accurate measurement 
in any diameter of the base a proper align- 
ment of the piece-casts derived from the 
wax impression was made by taking an 
impression on each side of three key points 
on one strip; the edge of the foramen 
magnum on one side was aligned with the 
opposite groove for the superior petrosal 
sinus and lesser wing of the sphenoid 


1 Amalgamated Dental Trade Distributors Ltd., 
London; a similar product is Kerr’s Impression 
Compound, Kerr Manufacturing Co., U.S.A. 
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bone. The two strips used for this pro- 
cedure for each side of the base provided 
a template for reconstruction of the base 
from the separate casts of the cranial fos- 
sae. The cut-casts were mounted on a 
layer of plasticine while adjustment was 
made to the key strips (fig. 4). 

Thus an accurate and permanent model 
which revealed fine detail of the whole 
base was obtained from the interior of the 
intact skull. 


PLATE 1 
EXPLANATION OF FIGURES 
1 Internal surface of the left half of the posterior cranial fossa (which has been lightly 
rubbed with brown chalk); fine detail of surface features can be seen. 
2 Plaster cast of the reconstructed anterior fossa. 


Brass strip and copper plates with wire handles and pieces of wax used for the 


reconstruction. 


4 Whole base of skull aligned for measurements; brass strip shown in contact with left 
side of foramen magnum and opposite petrous temporal bone 


sphenoid. 


SUMMARY . 
Impressions of the base of the skull wer 
taken by means of dental wax mounted 0} 
adjustable carrier plates which were passes 
through the foramen magnum, plaste 
casts were made from the wax impression 
and aligned by means of a key strip; align 
ment allowed accurate measurement (cf 
provided the basis for volumetric estimé 
tions) of various internal areas of t 
base. 


and lesser wing of 
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A Blood Group Genetical Survey in New Britain! 
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This paper presents the results of a 
| blood group genetical survey carried out 
on 157 blood specimens from Melanesian 
Natives of four adjacent linguistic groups 
} in the central region of New Britain, and 
_ the occasion of this report is taken to sum- 
marize existing blood group genetic data 
for the cultural and linguistic groups of 
the island of New Britain, and to compare 
_ these data with those of diverse peoples of 
| the island of New Guinea. 
_ This blood group survey was carried out 
} as the result of an expedition to New 
Britain in 1956 for the purpose of starting 
child growth and development studies 
among primitive Melanesian tribal people. 
One of us (D.C.G.) collected several hun- 
dred blood specimens from native infants 
and children of various ages for the pri- 
mary purpose of microbiological serologi- 
cal studies. The blood specimens were col- 
lected from unmixed representatives of the 
following ethnic-linguistic groups: 

Kakuna Mamusi in the isolated high- 
land interior of Central New Britain where 
this group lives with very little coastal con- 
tact either with the northern or southern 
shores. They number about 350 individ- 
uals and live in the villages of Pita, Moro- 
wana and Warali. Occasional marriages 
occur with Kisiluvi Mamusi, but none with 
other groups. These are a primitive people 
with perhaps the least contact with civili- 
zation of any group on the island until the 
last few years. Skull binding of the in- 
fants for the production of a cosmetic 
elongation deformation is still universally 
practiced among them. All blood speci- 
} mens were collected in the village of Pita 
which is about 4,000 feet above sea level, 
above the Melkoi River gorge. 

Kisiluvi Mamusi in the isolated highland 

interior of Central New Britain, just north 
+ of the closely related Kakuna Mamusi vil- 
lages, and south of the coastal Central 
Nakanai groups. These people, also num- 


bering about 350, have more contact with 
the coast, often visiting and now occasion- 
ally intermarrying with the Central Na- 
kanai peoples. The Kisiluvi Mamusi vil- 
lages of Kisiluvi, Ligite, Kailona and Kilolo 
have recently abandoned their traditional 
inland mountain village sites to settle at 
a lower altitude near the coast in the large 
Catholic social and communal settlement 
experiment at Silanga. The Kakuna and 
Kisiluvi Mamusi people appear to be dis- 
tinct linguistically and in physical type 
from the coastal Nakanai peoples. 

Central Nakanai from the north-central 
coast of New Britain directly east of the 
West Nakanai group. This term is an ad- 
ministrative designation for several lin- 
guistic groups with close cultural affinities 
who intermarry extensively. The Vere, 
Kaa and Wasi linguistic groups of the Cen- 
tral Nakanai were all included in the blood 
specimens from this region. These people 
are closely related cuturally and linguis- 
tically to the West Nakanai. In physical 
appearance they also resemble the West 
Nakanai. 

West Nakanai from the north-central 
coast of New Britain on the Hoskins Penin- 
sula east of Talasea. The West Nakanai 
number about 4,000. They are apparently 
not derived from peoples living in the in- 
terior. They occasionally marry a “bush” 
inhabitant, but such marriages are rare. 
Out-breeding, when it does occur, is cus- 
tomarily with other coastal people who are 
phenotypically indistinguishable from the 
West Nakanai. The language of the West 
Nakanai is referred to as Lakalai (fig. 1). 


1 The field work was carried out by one of us 
(D. C. G.) who was aided by a grant from the 
National Foundation for Infantile Paralysis Inc. 

2 Research Associate, University of California, 
Los Angeles; Consultant, Commonwealth Serum 
Laboratories, Melbourne. 

3 National Institute of Neurological Diseases 
and Blindness, National Institutes of Health, 
Bethesda, Maryland. 
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Fig. 1 
Britain (adapted from Valentine, *58). 


The West Nakanai were selected as a cul- 
turally and physically typical coastal 
Melanesian society for intensive ethnologi- 
cal and physical anthropological investi- 
gation (Valentine, 58; Swindler, 59), and 
the choice received confirmation from the 
blood group studies of Simmons et al. (56). 

The term “Nakanai” is applied to the 
peoples living on the northern coast of 
New Britain from, and including, the Hos- 
kins Peninsula all the way eastward to the 
base of the Gazelle Peninsula, for it is 
properly a general term including all the 
closely related dialects from Lakalai east 
to, and including Meramera (Valentine, 
58). 

The locations of the various ethnic- 
linguistic groups are shown on the accom- 
panying map (fig. 1). 

The number of blood studies carried out 
on natives of New Britain has not been 
great. The first of these was an ABO sur- 
vey on 753 natives at Rabaul by Heydon 
and Murphy (’23). Rabaul is situated in 
the extreme north of New Britain. Semple 
et al. (56) reported their findings on 77 
Bainings or Kaulongs, a race of primitive 
natives living in Malasaet Village in the 
interior of the Gazelle Peninsula of north- 


R. T. SIMMONS, D. C. GAJDUSEK AND LOIS C. LARKIN 


Sia 


aa - ARUA~.” - Kaa sie 


; ‘anaes 
MANGSING 


Approximate location of linguistic 


MERAMERA_--— 
Z 


hea 
HAUTE \. PAU 
N 


nA \ 
VERE WAS! 
“KISILUVI MAMUS/ 


3 HeAKUNA MAMUS/ 


SOLOMON SEA 


and cultural groups of North-Central New 


eastern New Britain. They are thought to) 
be the remnants of a population once wide- 
spread, who were driven into this refuge 
area on the arrival of the more highly de- 
veloped Papuo- Melanesian populations: 
such as the Tolais, who now inhabit the: 
vicinity of Rabaul. Fostered by the Admin- 
istration there has been a good deal of 
intermixture of the two groups, but there 
are still several Baining tribes little af- 
fected by Tolai influence. The Bainings: 
are physically distinct from the coastal 
people, being rather shorter and more 
heavily built, with flat broad noses, promi- 
nent supraorbital ridges and forehead hai i 
retreating as they approach middle age: 
Their cultural development is less com: 
plex. They are still partially nomadic 
with exceedingly primitive housing struc 
tures and no definite village organization) 
Some anthropologists consider that they 
have relationships with the interior north 
ern New Caledonians, the extinct Tasma 
ians and also with the highland popull 1 
tions of Central New Guinea. 

The results of a blood genetical surve: : 
on 103 West Nakanai of New Britain weet 
reported by Simmons, Graydon, Sempld 


BLOOD GROUPS IN NEW BRITAIN 


and Swindler (756). The investigation 
covered the ABO, MNS, Rh, P, Le*, Fy* and 
K blood group systems. P.T.C. taste tests 
were also carried out. The conclusions 
reached concerning the West Nakanai 
were that their blood group frequencies fall 
within the limits expected for Melanesia, 
and that confirmation was obtained for the 
earlier observation of Graydon and Sim- 
mons (745) that the population of Mela- 
| nesia is not genetically homogenous. In an 
extensive blood group study reported by 
Dunn, Kooptzoff, Price and Walsh (756) a 
total of 1060 New Guinea natives resident 
near Port Moresby as members of the 
Pacific Islands Regiment were tested. This 
} group contained 109 natives from New 
| Britain but no information was given as 
|) to whether they represented a random 
» sampling of New Britain, or had been re- 
-} cruited mainly from one area. 
New Guinea. Graydon and Simmons 
- (45) and Simmons, Graydon, Woods, 


+ Smith and Lancaster (’46) demonstrated 


) genetical heterogeneity in the Papuan 
coastal peoples in the ABO and MN blood 


‘} groups, and the survey by Semple, Sim- 


mons, Graydon, Randmae and Jamieson 
(56) added confirmation to that observa- 
_ tion when differences were demonstrated 


.| between the Goroka natives and the people 


, of Chimbu, Nondugl and Mount Hagen 
(Waghi Valley), a reasonably homogenous 
group. It may be said that in New Guinea 
there are moderate frequencies of A and B 
with high O, that subgroup A: is absent, 
m is low and n is very high, S of MNS is 
} present but variable in percentage, while 
“| in the Rh system R’ is extremely high, R’ 
| is low and R°’ is very low. The Rh negative 
gene r has not been demonstrated in the 
Melanesians or in the Pacific peoples gen- 


“ erally. Semple et al. (56) compiled tables 


“) showing the ABO, MN and Rh frequencies 
| for New Guinea, and other Melanesian 
islands. 

Graydon, Semple, Simmons and Franken 
i!) (58) in a paper relating to the pygmies 

of the Wissellakes of Netherlands, New 
Guinea collected the available blood group 
data for other Negrito peoples including 
those of Malaya, the Philippines and An- 
deman Islands. The gene frequencies were 
compared with those for natives of the 
4 Central Highlands of New Guinea, coastal 
| Papuans, the Senoi of Malaya, aboriginal 
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Malays, Filipinos, African pygmies of the 
Belgian Congo, and Negroes (Bantu) of 
Africa. It was shown that the gene fre- 
quencies of the separate pygmy groups 
are very different from each other, yet are 
similar to those of the tribes inhabiting 
nearby areas. It was inferred that the 
Papuan pygmies of the Wissellakes are 
true Papuan, not apparently related to the 
African pygmies, and that their relation- 
ship to other Asian pygmies is not close. 

The results of the various blood surveys 
in New Britain are tabulated in the present 
paper. Earlier blood group data for Pacific 
peoples have been compiled in papers by 
Simmons and Graydon (51) and by Sim- 
mons, Graydon and Semple (’53). 


MATERIALS AND METHODS 


Because of the nature of the pediatric 
and serological epidemiological problems 
for which the blood samples were collected, 
infant, child and adolescent populations 
were chosen rather than the adult popula- 
tion, which is usually selected for blood 
group genetic study. Specimens were ob- 
tained from the Kakuni Mamusi, Kisiluvi 
Mamusi, Central Nakanai and West Na- 
kanai of New Britain. Random samples 
from each lot were used for blood group 
studies. 

Sterile blood samples (20-30 ml) were 
collected from the antecubital vein in 
older children, and from the femoral vein 
in infants and younger children, and were 
allowed to clot. The specimens were kept 
without preservative, and were refrigerated 
when possible a few hours after collection 
at about 4°C until their arrival in Mel- 
bourne by air-freight. Red cells free from 
the clots were suspended in glucose-citrate 
blood preservative, and stored at 4°C. The 
methods employed in testing the blood 
samples have been described by Simmons, 
Graydon, Semple and Taylor (’51). 


RESULTS AND DISCUSSION 
The ABO blood groups 


The ABO gene frequencies of the various 
surveys are given in table 1. The number 
of natives tested in each linguistic group 
in the present survey is small, even so, the 
Kakuna Mamusi, Kisiluvi Mamusi, Central 
Nakanai and West Nakanai are a reason- 
ably homogenous group. 
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The unclassified natives of Dunn et al. 
(56) are again similar except that B is 
0.088 compared with 0.177 for the four 
groups. The Rabaul natives of Heydon and 
Murphy (23) show particularly an in- 
crease of A (0.164 compared with the 
average of 0.115). The increase in A in 
the northern area of New Britain is also 
seen in the 77 Bainings whose A is 0.297, 
and who also possess the highest B found 
in New Britain—0.252. All members of 
groups A and AB were of subgroup A. 


The MN types 


The MN frequencies are presented in 
table 2. The Kakuna Mamusi and Kisiluvi 


| Mamusi show identical frequencies, while 


the Central and West Nakanai show a 
higher n frequency than the above. The n 
frequency is also high in the unclassified 
natives, while in the Bainings n is 1.000, 
that is all of the 77 samples tested were of 
type N. 

The Rh types 


In table 3 the Rh gene frequencies are 
given. Three genes R’, R’ and R’® are 
enough to account for the phenotypes 
found in all the surveys except in the un- 
classified natives of Dunn et al. (56), 
where one unconfirmed example of Rh: Rh, 
was found. The presence of the extremely 
rare examples of R* may be accounted for 
by recent introduction in New Guinea 
from Australian aborigines by exchange of 
visits (Simmons et al., 56 and 758), or as 
gene introduced by Mongoloids either in 
New Britain or in New Guinea. Only 4 
examples have been found in New Guinea 
and one in New Britain, and three of the 
former were found at Daru Island a point 
| of contact with Australian aborigines via 
Cape York Peninsula. Australian abori- 
gines are rich in the gene R*. The out- 
standing Rh feature common in Melanesia 
is the high R* frequency, and this also 
applies in New Britain. The average fre- 
quency for the four native groups previ- 
ously mentioned for R’ is 0.931, and both 
-R' and R? frequencies are similar in the 
four groups. In the smaller groups, Kakuna 
Mamusi, Kisiluvi Mamusi and Central 
Nakanai, the phenotype Rh; Rh» indicating 
the presence of the gene R’ was not de- 
tected. The West Nakanai (60 and 94), 
the Bainings (77) and the unclassified 


TABLE 3 


Rh types and gene frequencies in New Britain 


Rz 


Ro 


Gene frequencies 


Rh types 
Rhye RhiRh2. Rh,Rh, 


RhiRho 


RhiRh; 


Number 
tested 


Authors 


Population 


38 
23 


40 


Present survey 


Kakuna Mamusi 


0.07 
0.10 


0.93 
0.90 


27 


Present survey 


Kisiluvi Mamusi 


21 


25 


Present survey 


Central Nakanai 
West Nakanai 


5 
0.910 


54 


60 


Present survey 


0.051 


0.039 


0) 


6% 


6 
18 


1% 


1 
2 


9 
10% 


12 


78 
83% 
214 


94 


Simmons et al. 
(56) 


West Nakanai 


0) 


0.931 0.042 0.027 


0 


0.7% 7.3% 
22 


2 


4.9% 
2 


87.0% 


51 


246 


Totals 


0.014 0) 


0.818 0.168 


0 


77 


Semple et al. 


Bainings 


29% 
23 


3% 
2 


3% 
5 


66% 
78 


(756) 
Dunn et al. 
(756) 


105 


0.846 0.122 0.027 0.006 


1 
0.9% 


71.6% 4.6% 1.8% 21.1% 
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Unclassified 
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natives (109) all showed the gene R’. In 
the unclassified group the frequency for R’ 
was only 0.846 compared with the average 
of the four central New Britain groups of 
0.931, and in the Bainings it was 0.818 
with a corresponding increase in the R’ 
frequency to 0.168. 


Rhy (D") variants 


In a previous survey in West Nakanai, 
Simmons et al. (56) reported that they 
had found 8 of 94 blood samples which 
contained “low-grade” Rho (D") variants. 
The finding was unusual amongst the 
Pacific peoples, although “high-grade” and 
“low-grade” Rh) (D") variants are found in 
Australian aborigines. In the present sur- 
vey 9 of 157 blood samples showed vari- 
ants and these were all “high-grade.” The 
distribution was 1/45 Kakuna Mamusi, 
3/27 Kisiluvi Mamusi, 0/25 Central Na- 
kanai and 5/60 West Nakanai. The pro- 
portion of variants is about the same in 
both West Nakanai surveys, however, in 
the first series the variants were all “low- 
rade” while in the present series all were 
“high-grade.” The difference may be real, 
or it may be due to the quality of the red 
cells at the time of testing or to the fact 
that different potent agglutinating anti- 
Rh, (D) sera were used in testing the two 
series. The natives of New Britain there- 
fore differ from most Melanesians in pos- 
sessing a high proportion of Rh» (D") vari- 
ants particiularly in the native groups in 
the central area of the island. 


The blood groups Duffy (Fy*) 
and Diego (Di*) 

Table 4 shows the numbers tested in the 
various tribal groups for the Duffy and 
Diego blood groups. All of 132 natives 
were Fy(a+), and none of 97 were Di(a+). 
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Blood groups in New Britain 
and New Guinea 


The results of surveys in New Britain | 
are compared with selected representative | 
surveys in New Guinea (table 5). A later | 


paper will discuss more fully the blood | 


group gene frequencies found in New | 
Guinea in various surveys reported to date. 
In table 6 the maximum-minimum varia- | 
tion for natives in New Britain and New | 
Guinea are compared for A, B, O, m, n, | 
R', R’ and R’ gene frequencies. The same 
basic pattern of high O, high n and high R’ 
is followed in both New Britain and New 
Guinea, and when the range of variation 
for each gene frequency is tabulated, the 
pattern is again similiar for both islands. 
It would seem that the same basic stock | 
is present in both New Britain and New | 
Guinea, and while natives of different lin- | 
guistic groups in particular areas in each | 
island appear to be homogenous in their 
blood picture, the over-all pattern in both 
islands is one of genetical heterogeneity. 


SUMMARY 


Blood samples from native children of 
the central area of New Britain namely, 
Kakuna Mamusi, Kisiluvi Mamusi, Central 
Nakanai and West Nakanai have been 
tested for the ABO, MN, Rh, Duffy (Fy*) 
and Diego (Di*) blood groups. 

The calculated blood group gene fre- 
quencies have been compiled for the vari- 
ous surveys in New Britain, and compari- 
sons have been made with the results of 
representative surveys published for the 
divisions of New Guinea, Papua and Dutch 
New Guinea. 

While natives of different linguistic 
groups of certain areas appear to be homo- 
genous in terms of gene frequencies, the _ 
overall pattern for New Britain and New | 


TABLE 4 
Duffy (Fy*) and Diego (Di*) blood groups in New Britain 


Population Authors Fy(a+) Di(a+) 
Kakuna Mamusi Present survey 19/19 0/37 
Kisiluvi Mamusi Present survey 15/15 0/17 
Central Nakanai Present survey 14/14 0/19 
West Nakanai Present survey 16/16 0/24 
West Nakanai Simmons et al. (’56) 46/46 So 
Bainings Semple et al. (56) 92/22, ae 

Totals 132/132 0/97 
100% 0% 
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Guinea is one of genetical heterogeneity. 
The same basic pattern of high O, high n 
and high R’ is followed in both New Britain 
and New Guinea. 
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.. A number of recent studies have been 
‘jmade of the blood groups of indigenous 
'| Americans in Western Canada, Western 
United States, and Western South Amer- 
jica. These studies have included most or 
all of the 9 well-established blood group 
systems, and those done since 1956 have 
used anti-Di* which identifies a blood 
group factor that is very rare in popula- 
tions of European origin and fairly com- 
mon in Eastern Asians and American 
Indians. Very little testing has been done 
on the blood groups of Indians of the 
Eastern seaboard, the only published data 
being on the ABO groups of 279 Micmac 
{Indians in New Brunswick (Gates, 738). 
_The Micmacs were 62% group O, 33% 
group A, 4% group B, and 1% group AB. 
Gates thought at the time that the high 
percentage of group O meant that the 
Micmacs had originally all been of group 
O. Boyd later demonstrated mathemati- 
cally (’39) that the American Indians 
must have had some group A before the 
coming of the Europeans. We are report- 
ing extensive blood grouping tests of 249 
+ Penobscot Indians, done in 1958. 

One of the reasons that little blood 
igrouping work has been done on the 
‘Indians of the East coast is that these 
people have been in close contact with 
whites for over 300 years and there have 
‘been many intermarriages. Thus it was 
} known that none of the Eastern tribes was 
representative of pure Indian stock, and 
the pioneer investigators of blood groups 
in Indians went West to find the purer 
i stocks. The testing that has been done on 
| Western Indians in recent years, especially 
by Chown and Lewis (53, 55) has shown 
|}that certain blood group factors (espe- 
| cially K and Le*) which are fairly common 
in whites, are apparently absent in full- 
| blooded Indians. These, added to A2 and 
B, previously known to be rare to absent 
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in full-blooded Indians (Wiener, ’43) make 
4 factors that serve as indicators of purity 
of the stock. The gene r also is useful in 
this connection since its frequency is so 
low in pure Indian stocks and so high in 
whites. 

We were interested not only in the blood 
types per se, but also in investigating the 
inheritance of blood factor Di’, first re- 
ported by Levine et al. (54) and exten- 
sively studied by Layrisse, Arends, and 
Dominguez Sisco (cf. Layrisse, 58). 
Family studies on Di* are still incomplete, 
and we hoped to get linkage data. There- 
fore, families were sought especially, and 
some effort was made to get a missing 
individual in a family. For this reason, 
the whole series has more related people 
than would have been the case otherwise. 
Also, since we were particularly interested 
in families in which the factor Di* oc- 
curred, we made special efforts to get such 
families complete. Consequently, the en- 
tire group being reported has an incidence 
of Di(a+) that is slightly exaggerated. 
Everyone in the Penobscot tribe living in 
or near Old Town was directly invited to 
participate, and none was turned away. 

Blood group factors of European origin 
were minimized by eliminating from the 
count any who have too little Indian an- 
cestry to be included in the official tribal 
cenus. Also a highly selected subgroup 
was chosen for separate analysis by elim- 
inating any who were related as closely as 
first cousin, and choosing the individual 
of an older generation when there was a 
choice. Choice between related people of 
the same generation was done by lot. The 
entire group, after elimination of those not 
shown in the official census, numbered 
249, while the selected group of persons 

1 Supported by grant H-2405, National Institutes 
of Health. Presented in part at the Xth Inter- 
national Congress of Genetics, Montreal, 1958. 


109 


110 FRED H. ALLEN, 


not closely related consisted of 72 persons. 
All or nearly all have some European an- 
cestry, though a great many believe they 
are 3% Indian or more. So far as is known, 
all the genes are of European or Indian 
origin. Mr. and Mrs. Bruce Poolaw, Mrs. 
Susie Dana, Mrs. Edwin Mitchell, and 
Mrs. Ruth Davis of the Penobscot tribe 
were most patiently helpful in working out 
the pedigrees and in rounding up volun- 
teers. Samples were collected in 5 sepa- 
rate trips to Old Town, Maine, kept under 
refrigeration in large thermos. jugs, and 
brought back to Boston for testing. 
Reagents used are listed in table 1. 
Thirty-two different reagents were used, 
and most bloods were tested with 26 of 
these. (Anti-k was used only to test K- 
positives. Anti-Js became available only 
very late in the investigation.) All these 
antibodies and their corresponding anti- 
gens are described in the Third Edition of 


TABLE 1 
Reagents used in tests of Penobscots 


Reagent Lot No. Source 
Anti-A SA 37 BGL 
Anti-B SB 116 BGL 
Anti-A; SAA 56 BGL 
Anti-H ulex ext. BGL 
Anti-C (rh’) SRC 77 BGL 
Anti-D(Rh,) ARD 67 BGL 
Anti-E(rh” ) ARE 117 BGL 
Anti-c(hr’) AHC 67 BGL 
Anti-e(hr” ) AHE 62 BGL 
Anti-C’(rh¥!) ARCW 67 BGL 
Anti-E’ (rh?) T. Greenwalt 
Anti-M SM 46 BGL 
Anti-N Hyland 
Anti-S Fa237 R. E. Rosenfield 
Anti-Ms 8259 BGL 
Anti-Mi? UB4 J. F. Mohn 
Anti-Vw SVW 58 BGL 
Anti-P Sal. BGL 
Anti-Le? SLEA 47 BGL 
Anti-Le> SLEB 47 BGL 
Anti-Lu? Mar. R. E. Rosenfield 
Anti-K CK 117 BGL 
Anti-k MLN. P. Schmidt 
Anti-Kp? CKPA 97B BGL 
Anti-Kp> CKPB 48 BGL 
Anti-Fy? CFYA 97A BGL 
Anti-Jk? McC. BGL 
Anti-Jk@ CJKA 48 BGL 
Anti-Di® Woj. J. F. Mohn 
Anti-Di? M. Layrisse 
Anti-Wr* SWRA18B BGL 
Anti-Be* K. Stern 
Anti-Vel Vande J.J. van Loghem 
Anti-Js Ro. R. E. Rosenfield 
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Race and Sanger (’58). We are mosi 
grateful to a number of our colleagues: 
listed in the table, for gifts of serum. 


RESULTS 


There is considerable variety in the 
blood types found. One hundred and 
seventy-five different phenotypes were 
seen, as indicated in table 2, of which 13¢ 
were found only once. It is of some inj 
terest that even in such a small popula 
tion there were two groups of 6 identicaj 
phenotypes, indicating that the commonj 
est phenotypes are not at all rare. Some 


TABLE 2 
Variety of types found among 249 Penobscoth 


1QOne of these sets of 6 were all 0, MNS, thi 


other 6 were all A, MNs. All of these 12 wern 
Rhirh, Fy(a+), Jk(a+), P+. 


of the variability is clearly the result o 
European genes, but much is not, and ij 
is a fascinating, though quite unprodua 
tive pastime (so far) to speculate on th 
possible significance of the degree of vari 
ability within a population. 

Table 3 shows the ABO groups, and, a: 
in subsequent tables, the frequencies ar¢ 
given both for the total group and for th: 
selected group of 72 persons not closel1 
related. The selected group has a high 
frequency of gene A: and a lower fre 
quency of Ay. It is probable that A; wai 
a common gene in American aboriginal 
as previously stated, but that A: was rar 
or possibly absent. B may well have beer 
absent before the arrival of the Europeans 
The frequency for gene O is not very dif 
ferent from that seen in European popula: 
tions. 1 

The MNS types are shown in table 44 
M was high, especially in the selectee|: 
group, though not as high as has beer), 
found in many other Indian groups. S hay! 
a fairly high frequency, but it has bees) 
found fairly common in all Indian groups 
The antigens M*, Vw, and Mi*, so rare ini) 
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Rh blood groups 


Phenotypes: 


Genes: T 


Europeans, appear to be rare also in the 
Indians. 

The Rh groups (table 5) are what would 
be expected from previous work on the 
Western tribes except for the apparent 
@bsence of gene R*, which is not at all 
Ware in the Indians of Western Canada 


1 All 249 bloods were Mé&-negative, Vw-negative. 
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TABLE 3 
ABO blood groups of Penobscots 


Total group 72 not closely related 
Number’ Frequency Number Frequency 
Phenotypes: Oo 133 0.53 33 0.46 
Ai 100 0.40 35 0.49 
As 15 0.060 3 0.042 
AB 1 0.0040 1 0.014 
Genes: O 0.73 0.68 
Ai 0.23 0.29 
Az 0.040 0.030 
B 0.0020 0.007 
TABLE 4 
MNS blood groups of Penobscots! 
Total group 72 not closely related 
Number Frequency Number Frequency 
Phenotypes: M,S— 36 0.1446 8 0.1112 
M,S+ 63 0.2530 21 0.2916 
MN,S— 60 0.2409 14 0.1944 
MN,S+ 60 0.2409 23 0.3193 
,s— 19 0.0763 3 0.0417 
N,S+ 11 0.0442 3 0.0417 
Genes: M 318/498 = 0.6386 95/144 = 0.6597 
N 180/498 = 0.3614 49/144 = 0.3403 
Ss 1 —V0.4618 = 0.3204 1—./0.3473 = 0.4107 
Ms 0.1446 = 0.3803 0.1112 = 0.3335 
MS M—Ms = 0.2583 0.3262 
NS S—MS = 0.0621 0.0845 
Ns N—NS = 0.2993 0.2558 


All of 99 tested were Mi(a—). 


TABLE 5 


of Penobscots! 


Total group 72 not closely related 


Number Frequency 


22 0.0884 3 0.0417 
83 0.3333 18 0.2500 
58 0.2329 21 0.2916 
60 0.2410 17 0.2361 
12 0.0482 5 0.0695 
14 0.0562 8 0.1112 
0.2831 0.2222 
0.5201 0.5347 
0.1968 0.2431 


1 All 249 bloods were CY-negative, EY-negative. One blood of phenotype Rhirh was a D* 
variant. Gene frequencies were calculated by direct count. 


(Chown and Lewis, 753, 55) and the 
rather high frequency of r. 

The low frequency of K and Kp? (table 
6). is like that seen in Western Indians, 
and as expected most are Lewis (a-b+) 
(table 7). Of interest in table 8 is the 
rather low incidence of P+ in comparison 
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TABLE 6 | 
Kell blood groups of Penobscots 


Total group 72 not closely related 
Number’ Frequency Number Frequency 
Phenotypes: K+k+Kp(a—b-+ ) ih 0.0040 (0) 0.0000 
K—,Kp(a+b+) 4 0.0161 2 0.0278 
K—,Kp(a—b+ ) 244 0.9799 70 0.9722 
Genes: K*(KKp?) 0.002 0.000 
k*(kKp*) 0.008 0.014 
k®(kKp?) 0.99 0.986 
TABLE 7 
Lewis blood groups of Penobscots 
Total group 72 not closely related 
Number Frequency Number Frequency 
Le(a+b—) 9 0.036 1 0.014 
Le(a—b-+ ) 234 0.94 70 0.972 
Le(a—b—) 6 0.024 af 0.014 
TABLE 8 
Other blood groups of Penobscots 
Vested Phenotypes Number iGoailed Genes Sesqueneied 
249 P+ 194 0.78 P 0.53 
249 Lu(a+) 21 0.084 Lut 0.043 
249 Fy(a+ 196 0.79 Fy? 0.54 
249 Jk(a+) 201 0.81 Jk 0.56 
249 Di(a+) 20 0.080 Dis 0.041 
249 Wr(a+) (0) (0) Wre 0 
249 Be(a+) 0 (0) Bes 0 
133 Vel+ 133 1.000 Vel 1.00 
7 Js+ fe) (0) Js 0 
72} P+ 61 0.8472 P 0.61 
72 Lu(a+) 4 0.0555 Lu* 0.028 
72 Fy(a+) 58 0.8066 Fy* 0.56 
72 Jk(a+) 61 0.8472 Jk 0.61 
72 Di(a+) 4 0.0555 Dit 0.028 


172 “not closely related.” 


with European populations, again similar 
to Western Indians. Lutheran (Lu*) posi- 
tive was apparently quite common in the 
whole group, but exactly % of the Lu* 
genes came from a single known white 
ancestor. Duffy (Fy*) positive is less 
frequent than in previous Indian groups 
tested, but still higher than in Europeans. 
Wr’, Be’, and Js, rare in Europeans, are 
rare or absent in the Penobscots, and, 
similar to Europeans, Vel+ is universal, 
though two siblings were such weak posi- 
tives that they were at first thought to be 
negative. 
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On the basis of the selected group of 7 
not closely related, Di* has a lower fre 
quency than in any of the America) 
aboriginal groups reported, except fal 
Eskimos (Lewis and Chown, 756). 

Linkage scores on Diego are shown i 
table 9. We obtained a disappointing: 
small amount of information, and th) 
question of the possible relation of Di* :|/ 
one of the 9 established blood-group sw 
tems is still not settled. Our results co) 
firmed the lack of relationship between ch 
and the ABO, Rh, and MNS systems, b)) 
there was one family in which a linkay|) 


TABLE 9 
Linkage scores vs. Diego gene Di* 
ee | Se a ie ere AT 


Systems (A) (k) Hiss graes 
|' ABO 0 2 1 

Rh +3 5 A 

MNS ae 7 2 

Lutheran +3 3 0 


EE ee rere ah 
BGL Family OT-IB 


A, fe) fe) 
s- Ss- Ss- 
Lu(a-) Lu(a—) Lu(a-) 
Di (a-) Di (a-) Di(a—) 

Figure 1 


| 
‘count between Di* and Lu’ was possible. 
| This is the first such family found to our 
‘knowledge, and it is consistent with a very 
tentative hypothesis that Di* may be in the 
}Lutheran family, though the matter is 
{very far from proven. The serologic be- 
havior of anti-Di* is quite dissimilar to that 
lof anti-Lu* for whatever that is worth: 
janti-Di* requires the Coombs test while 
anti-Lu’ is a “saline” agglutinin. The fam- 
ily which gave the linkage count Di? vs. 
}Lu* is shown in figure 1. All the relevant 
‘data from this family are shown, and it 
can be seen that these data support the 
{hypothesis that Di* is in the MNS system 
‘Just as well as that it is in the Lutheran 
Msystem. However, non-linkage to the MNS 
“system has been adequately shown by 
other investigations, including those shown 
jin table 9, while there are no other data 
‘for or against possible linkage to Lutheran 
(cf. Layrisse et al., 59). 


DISCUSSION 


| The blood groups of the Penobscots are 
Wstrikingly similar to other American In- 
"dian groups that have been tested. Most 
"important in this similarity is the fre- 
quency of Di*, which is lower than in 
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some Indian groups but differentiates them 
clearly from any European population. The 
very low incidence of factors B and K, and 
the high frequency of M, E (rh”), Le”, and 
Fy* also are characteristic of Indian and 
uncharacteristic of European populations. 
There are many European genes in the 
population, however, and these are re- 
flected in the relatively high frequency, 
for Indians, of the factor As. One wonders 
a little why A: should be so high while B 
and K are so low; presumably, however, 
these low-frequency factors have a much 
greater chance of relatively large changes 
in frequency due to chance (genetic drift). 

The percentage of European genes can 
be estimated very roughly by assuming 
that a pure Indian population would have 
no r genes. Taking r for Europeans as 
0.40, a population consisting of 55% Euro- 
pean genes and 45% Indian would have 
the frequency (0.22) for r observed in the 
Penobscots. This appears to be a reason- 
able estimate when the figure 55% is used 
to calculate from the Penobscot data the 
aboriginal gene frequencies for Fy* and N, 
which (on the basis of Fy* = 0.414 and 
N = 0.470 in Europeans) turn out to be 
about 0.74 for Fy* and 0.18 for N. It is by 
no means certain that the original premise 
is correct that r would be absent in a pure 
Indian population, but it is very probable 
on the basis of the other studies referred 
to, and still others not yet reported (Stein- 
berg; Chown and Lewis; Allen and New- 
man) that r was very infrequent in the 
original Indian populations, and may well 
have been absent. 

The high frequency of r among the 
Penobscots makes it possible to say that 
the Rh genes 1’, r”, r’, and R? are all rare 
to absent. In a population with no r genes, 
a good many of the other above-mentioned 
genes can be present but undetected. It is 
quite unlikely that the combined frequency 
of all these genes is as high as 2% in the 
Penobscots. None was directly demon- 
strable. 

The linkage counting is difficult in some 
respects in a pure Indian population be- 
cause of the rarity of K+, Lu(a+), and 
Fy(a—). It was hoped at the beginning of 
this study that enough white K, Lu*, and 
Fy’ genes would be found in the Penob- 
scots to allow linkage counts with Di*. Un- 
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luckily, very few data of this type were 
obtained as was shown in table 9. 


SUMMARY 


Extensive blood grouping tests on 249 
Penobscot Indians from Old Town, Maine, 
are reported. With allowance for an esti- 
mated 55% white admixture, the Penob- 
scots have the typical blood group char- 
acteristics that have been shown in Amer- 
ican Indians from Western, North and 
South America. The white admixture 
was useful in analyzing the Rh types, and 
could have been very helpful, though by 
bad luck it was not, in searching for pos- 
sible blood-group linkages with the factor 
Di*. One count was possible between Di* 
and Lu’, and is the first to be reported. 
Certain blood group factors that are rare in 
whites are rare or absent also in the 
Penobscots. 
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The distribution of the hereditary blood 
‘factors among Koreans has not been re- 
mported since many of the “newer” factors 
ishave been discovered. In 1924, Kirihara 
C24) reported on the distribution of the 
,;ABO groups in 354 Koreans at Heihoku, 
}Furuhata in 1933, reported on the cumu- 
mjlative data of the studies of all investi- 
"gators up to that time which totaled 9,434 
‘persons and Sarkisian in 1956, reported on 

1,000 South Koreans north of Seoul which 
ere tested for the ABO groups. The re- 
‘ported observations of these workers are 
shown on table 1. 

Yamamato (743) studied the incidence 
of the MN types among Koreans (table 5). 
\Little or no additional work has been re- 
‘ported, however, on the incidence of hered- 
itary blood factors' among this people. 
An opportunity was afforded us to test 
blood specimens of Koreans living in Seoul. 


MATERIAL AND METHODS 


' Specimens were obtained at random 
‘from volunteers at the Korean Red Cross 
{Blood Bank at Seoul and from patients at 
ithe Department of Obstetrics and Gyne- 
cology, National Hospital at Seoul and 
itested in these laboratories for ABO, M-N 
jand Rh types. Duplicate specimens (ap- 
‘proximately 5 cm*®) were taken by veni- 
puncture and deposited in sterile num- 
ibered tubes. They were refrigerated im- 
}mediately and then the clotted specimens 
‘were sent as soon as possible via Air Mail 
‘Ito the laboratories of the Minneapolis War 
4iMemorial Blood Bank. For the most part 
ithe bloods arrived in suitable condition for 
itesting but a few specimens were so hemo- 
{lyzed that it was considered better to ex- 
jclude them from our tests. 


istribution of Hereditary Blood Factors Among 
Koreans Residing in Seoul, Korea 
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Upon arrival at the Minneapolis labora- 
tory the blood samples were put at once 
in a refrigerator at 46°C and the sera 
and clots were separated. Cells from clots 
were washed with 0.9% saline solution 
and tested with suitable antisera for anti- 
gens AB, M, N.C) D, Evic) enh, Kory. 
Le’ and Di’. 


RESULTS AND DISCUSSION 


The results of the tests on the blood 
specimens are listed on the tables under 
the various blood group systems. The cal- 
culation of the gene frequencies in all 
the tables have been calculated from the 
phenotype data by Whitney L. Johnson, 
Department of Mathematics, Institute of 
Technology, University of Minnesota, us- 
ing the recognized formulae outlined by 
Mourant (754). 


ABO blood groups 


The results of the ABO grouping tests 
done on 322 Koreans are shown on table 1. 

From the table it is seen that in this 
study the results of tests for antigens in 
the ABO blood group system agree favor- 
ably with the percentage data reported for 
Koreans by other workers (Kirihara, ’24; 
Furuhata, 33; Sarkisian, 56). Of 322 
bloods selected at random, 103 or 31.99% 
were group O, 100 or 31.06% were A:, 93 
or 28.88% were B and 26 or 8.07% were 
A:B. No Az or A2:B were found. 

Perhaps the most noteworthy observa- 
tion from table 1 is the high frequency of 
the B gene. The value of 20.69% for q, 
the frequency of the B gene, among Kor- 
eans agrees well with the high gene fre- 
quencies of B in other Asiatic peoples. In 
Central Asia and Northern India there ap- 
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pears a well-marked maximum frequency 
of B. In peoples of Europe, on the other 


i 


Olu So 6) IS. ke. 
Soui+| S$ S& & S 6 hand, the B gene diminishes in frequency) 
Axolo ee. 2 12S" 2 2 3 
saei/+/ © SF SoS oS 8S from East to West so that in parts of Hol: 
7) Ke A ed ial ial ‘ Pp | 

# land, France, Spain and Portugal the fre? 

quency is somewhat below 5%. Minnesota: 
Whites, consisting largely of Scandinavian 
wn io} A jo) u | 
S| a . a aoe stock, shown for comparison in table 1. 
8 ID RE Figs ie shows a value of 8.50%. The B gene ap) 
e pears to be completely absent from full} 
& Sot eee eas blooded American Indians and Australiar 
o|lo ° wate 5 
5 eet eee ee eee Ot aborigines. (See the comprehensive tables 
ts of Mourant et al., 58). 
5 a 
a o ioe) aN ite) ise) (=) 
& 5 a a 3 <4 3 a Secretors and non-secretors | 
= Saliva specimens from 169 donors 03) 
8 the bloods examined in this study were 
5 tested in Korea by Won for the presence 
isp) + 
- x| S & S S © of the water-soluble form of the ABO(H)| 
5 3 ao antigens. Recognized techniques (Lehrss 
5) <} °30; Morgan, *48; Cazal and Lalaurie, ’52) 
& S/R. ya eo teaen Boyd and Shapleigh, 54; Dunsford ane 
= ge Bowley, 55) were employed. Sastisfactory 
7 . elt Siu)” hie ae controls of saliva from known secretorj 
es i x 2 . = Sona and non-secretors were used. The resultt 
a & 8 DV Oe Gy Os of these tests are shown on table 2. 
3 @ [9 From the table it is seen that the pen 
a = |e oleh Ris week SS tested for th tor stat Z 
2 yet les | &o A & & & sons tested for the secretor state were na 
A g 2 er selected on a basis of the normal distrib 
£ | 8 tion of ABO blood groups in Koreans aj 
M é eilies LGB Sats shown on table 1. Of the 169 person? 
N |g Soe Ue ee whose saliva was tested, 140 or 82.84% 
N q ise) A ise) ise) ~~ 
7B a |< were secretors and 29 or 17.16% were non 
o | 5 a : secretors. These findings among Korea 
S| Bal ore en eases ee — differ somewhat from the 119 or 24.24% 
8 |4 2 non-secretors found among 491 person 
2 OD fet ret eee Salts tested in Liverpool by Clarke et al. (56) 
5 Rh ee ae They differ also from the findings of Ma 
5 py gape bam Bs OR Eat g son and Piper (’47) among the Ute Ix 
& > aes Me wales =| dians in which all of 79 or 100% wen 
iS Fel ee gue Soy. Tela eC Eas found to be secretors. Likewise, Chow’ 
< a Fi and Lewis (55) found 100% secretom 
& among 115 Blood Indians of Alberta, Ca 

Pp a ada. | 

23 e ¢ <¥ 8 6 rf Among the 169 persons studied for th 

2 8 $0 ee ie eas secretor property 18 families were invest 

5 gated for the heredity of the secreting type) 
ia, ges 5 The results of this study are shown 
wn 
~~ ip) Oo v q 
se iS $0 BSS table 3. . 
Seat Ea d ee a From 18 families with 29 children thes 

Ss oe 8 <2 86 3 were no exceptions to the expected distu 

A 2 £5 2g ee 22/8 bution in accordance with the laws ¢ 

a eS) Sa Sm sa EES < Mendelian inheritance. The children frow) 

wi eee Bee ee the recessive non-secretor X non-secrete/: 


matings were all non-secretors. These final) 


ings agree as far as we know with all 
‘previous investigations of secretion types 
WSchiff and Sasaki, ’32; Morzycki, ’33; 
atson and Brady, ’36; Zieve, Weiner and 
iFries, 36; Suzuki, °36; Moharram, 43; 
“Race et al., 49; and Andersen, 52) which 
include 466 families, (1,259 children) of 
“which 32 families were non-secretor X 
mon-secretor matings having 87 children, 
of whom were non-secretors. Our find- 
ings bring that total up to 484 families 
%(1,288 children) and 34 non-secretor X 
‘mon-secretor matings having 91 non-secre- 
itor children. 

| Bloods from 80 persons whose saliva 
as tested for the secretor type were tested 
in Korea with anti-Le* serum. The results 
jof these tests are shown on table 4. 

| In the absence of Le? antiserum the 80 
specimens of blood were tested only with 
ifanti-Le*. From table 4 it is apparent that 
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Lewis blood type ae 
Le(a+) 16 
Le(a—) 64 
Total 80 
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whose blood was not agglutinated with 
anti-Le* serum. All the Le(a+) donors 
were non-secretors. These results agree 
with the early findings of Grubb (’48) 
that all persons whose red cells were Le 
(a+) were also salivary non-secretors of 
A, B or H substance. The saliva specimens 
were not tested for the presence of Lewis 
antigens. In the absence of Lutheran an- 
tisera, blood specimens from secretors and 
non-secretors were not tested for the Luth- 
eran antigens now known to be linked to 
the secretor types (Mohr, 51; Sanger and 
Race, 58). 


The M-N system 


Potent and specific commercial anti- 
sera were used in doing the M and N 
tests. The tests were done by the slide 
technique and the reactions were satis- 
factory with control cells of known types. 
The results of the M and N tests are 
shown on table 5. 


TABLE 2 
Frequency of secretors and non-secretors in 169 Koreans 


Secretors Non-secretors 


Number 
G 
nae tested Number Per cent Number Per cent 
O (H) 14 12 85.72 2 14.28 
A 66 55 83.34 11 16.66 
B 55 45 81.82 10 18.18 
AB 34 28 82.35 6 17.65 
Total and average % 169 140 82.84 29 17.16 
TABLE 3 
Families tested for secretion—Seoul, Korea 
Number of children 
Matings pier Secretors Non-secretors Bey oe 
No. % No. % 
Sec. X Sec. 9 13 86.66 2 13.33 ils 
Sec. X non-sec. 7 6 60.00 4 40.00 10 
Non-sec. X non-sec. 2 (0) 0.00 4 100.00 4 
Total 18 19 10 29 
TABLE 4 


Secretor types and Lewis blood types—Seoul, Korea 


Saliva secretor type 


Secretor Non-secretor 
(0) 16 
64 (0) 
64 16 


NN $$ 
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tained from commercial distributors. 


It is obvious from this study that the 
percentage of gene frequencies of the M 
and N genes are almost equal, the value 
for N being a little higher than that for 
M (51.396% and 48.604% respectively). 
These results differ somewhat from those 
reported by Yamamato (’43) who found 
values of 53.6% frequency for the M gene 
and 46.4% for the N gene. There appears 
to be a general pattern of the distribution 
of the M and N factors and their genes in 
the Orientals listed on table 5. The Ameri- 
an Indians on the other hand show a fre- 
jquency of the M gene to be high, varying 


from 71.8% in the Chippewa (Matson, 


och and Levine, 04) to 91.7% in the 
The incidence of the M and N 
phenotypes and gene frequencies among 
00 Whites in Minnesota (Matson, Koch 
jand Levine, 54) is shown for comparison. 
Tests for S and s in the MN Ss system 
ere not done. 


The Rh-Hr system 


Five antisera were used, i.e., anti-C, an- 
iti-D, anti-E, anti-c and anti-e. These were 
checked for potency and specificity. A 
islide test was performed on all the speci- 
mens and doubtful or weak reactions were 
ichecked by a tube test using antisera from 
a different lot or from a different manu- 
acturer. A slide ,control done on each 
specimen ruled out false positives due to 
rouleaux, auto-agglutination, contamina- 
tion or other causes. Anti-D, anti-E anti-c 
were prepared in our own laboratories, 
whereas the remaining antisera were ob- 
The 
anti-C and anti-e gave generally weaker 
reactions than the other anti-sera. There- 
fore the results on these were questioned 
at times and the tests were repeated. The 
r’(e) determinations were done only on 
jbloods possessing the rh”(E) factor in 


jorder to use sparingly the scarce anti-e 


(serum. The chromosome frequencies were 
icomputed by the formulae of Mourant 
1C54). 

The number and per cent of Rh-Hr phen- 
jotypes are shown on table 6. 

Chong Duk Won (’58) tested a total of 
,602 specimens of blood from Koreans for 
h.( D) factor and found only 6 or 0.166% 
to be Rh.(D) negative. In 1954, J. B. 
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Walsh et al., reported only one Rh.(D) 
negative in 1,000 tested and In Dul Kim 
et al. in 1958, reported on Rh.(D) negative 
among 1,500 tested. 

The chromosome frequencies of the Rh- 
Hr factors in Koreans compared with some 
other populations are shown on table 7. 

A study of table 7 shows that Koreans 
have a high chromosome frequency of 
CDe(R’) compared to American and Aus- 
tralian Whites, Basques and Chippewa In- 
dians. The cDE(R’?) chromosome fre- 
quency is high compared to that reported 
for Chinese, Basques and Whites. It is 
less however, than the frequency of the 
chromosome in Chippewa and Maya In- 
dians. The cDe(R°) and CDE(R’) chrom- 
osomes appear to be present but no CdE 
(RY), Cde(x’), cdE(r”) or cde(r) chrom- 
osomes appear to be present in the 387 
specimens of Korean blood studied. 


The Kell-Cellano System 


All 394 specimens were tested for the 
Kell antigen using reliable anti-Kell serum 
prepared in the Minneapolis War Memor- 
ial Blood Bank laboratories. The blood 
specimens were several days old upon ar- 
rival from Korea and since it is known that 
Kell antigen does not travel as well as 
other blood antigens it is possible that 
the completely negative results reported 
here would be somewhat different if fresh 
blood had been available for testing. The 
findings are shown on table 8. 

All the Korean bloods tested were Kell 
negative, presumably homozygous Cellano 
positive. From these tests it appears that 
the Kell gene is extremely rare among 
Koreans if indeed it is present at all. These 
observations are similar to those reported 
for some tribes of American Indians ( Mat- 
son and Swanson, ’59; Chown and Lewis, 
53) but differ appreciably from the inci- 
dence of the K gene reported for Cau- 
casians (Matson, Koch and Levine, °54; 
Ikin et al., 52). Other comparative data 
are given in tables by Mourant (54). 


The Duffy system 


The Duffy factor was determined in this 
study only with anti-Fy* sera since these 
were the only ones available to us. Com- 
mercial antisera from two manufacturers 
were employed and these appeared to react 
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satisfactorily when tested with known posi- 
tive and negative controls. The results of 
the tests are shown on table 9. 

From the table it appears that the fre- 
quency of the Fy* gene is high among 
Koreans (99.50% ). Compared to the fre- 
quencies in the English (Ikin et al., 52) 
(41.28% ), American Whites (Matson et 
al., 54) (43.44% ) and American Negroes 
(Miller et al., 51) (13.98% ), these values 
are indeed high. So far as we know this 
unusual high gene frequency of the Fy* 
gene in Koreans appears to be the highest 
reported in any people. Other peoples in 
whom this high frequency is approached 
are the Chinese (Miller et al.,. 751) 
(90.15% ), Chippewa Indians (Matson 
and Swanson, 759) (86.36% ), Ainu-Jap- 
anese (Simmons et al., 53) (86.00% ), 
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Norwegian and Lapps (Allison et al., 52) 
(81.89% ). A relatively high frequency fo) 
gene Fy* is reported also among Asiatij 
Indians (Cutbush and Mollison, ’50) 
(73.04% ). 


The Diego Di* antigen 


Through the generosity of Drs. M. Lay 
risse, Banco de Sangre, Venezuela and © 
Chown, Rh Laboratory, Winnipeg, Mani 
toba, Canada, enough anti-Di* was madj 
available to test 277 blood specimens. Th 
anti-serum was specific and potent witl 
known controls. The findings are recorde 
as positive or negative reactors to anti-D) 
serum and genotypes are calculated 03} 
the assumption that there is a correspond] 
ing allele Di? although this has not bee? 
established definitely. The results of thy 
tests are recorded on table 10. 


TABLE 10 
The distribution of the Dit antigen in Koreans and other populations 


People Investigator 

Korean This study 
Caribe, 

Venezuela Layrisse et al., 55 
Guajros, 

Venezuela Layrisse et al., 55 
Piaroas, 

Venezuela Layrisse and Arends, ’56 
Guahibos, 

Venezuela Layrisse and Arends, 756 
Caingangs, 

Brazil Junqueira et al., 56 
Carajas, 

Brazil Junqueira et al., 56 


Lewis et al., 756 
Matson and Swanson, ’59 


Chippewa Indians 
Maya Indians 
Non-Maya Indians, 


Mexico Matson and Swanson, ’59 
Chinese Layrisse and Arends, ’56 
Japanese Layrisse and Arends, ’56 
Japanese Lewis et al., 56 
Polynesians Simmons, ’57 
Australian 

Aborigines Simmons, ’57 
Papuans Simmons, ’57 


New Britain 


Natives Simmons, ’57 
Eskimos Lewis et al., 56 
Caucasians Levine et al.,’56 


Per cent of Per cent of 


Number phenotypes gene frequencies 
tested 
Di(a+) Di(a—) Dia Di> 
277 6.14 93.86 Sd 96.87 
121 35.54 64.46 19.71 80.29}, 
152 5.26 94.74 2.67 97.333 
24 12.50 87.50 6.46 93.541 
76 14.47 85.53 7.52 92.48} 
48 45.83 54.17 26.40 73.60) 
36 36.11 63.89 20.07 79.93 
148 10.81 89.19 
363 17.63 82.37 9.24 90.76) 
244 15.16 84.84 7.89 92.11 
100 5.00 95.00 
65 12.31 87.69 6.39 93.61. 
re 7.79 92.21 
80 0.00 100.00 
162 0.00 100.00 
23 0.00 100.00 
74 0.00 100.00 
156 0.00 100.00 
1000 0.00 100.00 


The table shows that the percentage in- 
sidence of the phenotype Di(a+) for the 
277 Koreans tested is 6.14% and the per 
rent of frequency for the Di* gene is 
3.13%. It is noteworthy that Koreans, 
Amerinds (Matson and Swanson, ’59; Lay- 
tisse et al., 55; Layrisse and Arends, ’56; 
Wunqueira et al., 56; Lewis et al., 56), 
hinese (Layrisse and Arends, 56), and 
( me nese (Lewis et al., ’56; Layrisse and 
ends, 56) all possess the Di* antigen 
hereas Polynesians (Simmons, 57), Aus- 
liralian Aborigines (Simmons, 757), New 
‘Sritain Natives (Simmons, ’57), Eskimos 
i Lewis et al., 56b) and Caucasians (Lev- 


SUMMARY 


1. A study of the distribution of the 
iereditary blood factors among 394 Kor- 
»ans has been reported. 

| 2. The blood specimens were tested for 
e following antigens: A, B, O, M,N, C, 
, E, c, e, Duffy, Kell, Lewis(Le*) and 


3. In common with other Asian peoples, 
Be Koreans have a high frequency of the 


senes appear to be almost the same. As 
n other Orientals the Rh factor is almost 


ese, Basques and Whites. All Korean 
loods tested were Kell negative. The fre- 
‘uency of the Fy* gene is high (99.50% ). 
“he percentage frequency of the Di* gene 
o.13%. 

4. The secretor status for the ABH anti- 
jens was determined on 169 saliva speci- 
aens and the heredity of this character 
yas studied in 18 families including 29 
hildren. About 82.84% of the Koreans 
‘ested were shown to be secretors. Family 
udies showed no exceptions to the ex- 
ected distribution of secretors and non- 
ecretors in accordance with the laws of 
fendelian inheritance. 
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iI. THE SENTANI PAPUANS 


The Sentanis live on the shores and the 
‘islands of Lake Sentani, just south west of 
™ Hollandia. 

i, An extensive ethnological study about 
jthe Sentanis was published in 1928 by P. 
Wirtz who considered the Sentanis to be a 
+ mixed population that by being isolated 
for a long time have developed into a 
‘} homogeneous group with its own somatic 
properties, language and culture. 

' The Sentani language is completely dif- 
‘| ferent from that of the surrounding popula- 
tions. Within the Sentani language there 
| are however several dialects. On the whole 
%the various populations understand each 
other except for several linguistic ele- 
‘}ments that are not related. 

' According to Wirtz the oldest population 
‘is situated in the central part of the Sen- 
‘tani region. The .central Sentanis divide 
| themselves into two groups of different ori- 
i} gin. Some settlements are believed to have 
"been populated from heaven, the others 
‘\from the interior of the earth. However 
such a division into two classes is found 
# all over New Guinea, just as it is on the 
i Moluccas and other islands as far as the 
“island Lombok. Thus this information 
} from the population is not necessarily an 
| indication that they are composed of two 
/components. 

The western and eastern parts of the 
}Sentani district have, according to Wirtz, 
| a younger population than the central part. 
Wirtz presumes that the Sentanis originate 
from the border of Australian and Dutch 
New Guinea. In connection herewith it is 
| interesting to mention that prominent Sen- 
tanis from the central region recognized 
| their wood carving patterns in those of the 
{Jafi district, while patterns from other 
}parts of New Guinea (Wissel Lakes, As- 
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mat) appeared unknown to them. This 
district (Jafi) situated 70 miles south- 
south east of Lake Sentani is inhabited by 
several tribes. They live in the region be- 
tween the Sepik and the Idenburg River on 
both sides of the 141° eastern length. It 
has also been known that patterns from 
the Lake Sentani region correspond with 
those of the upper course of the Sepik. 

Blood samples for this investigation have 
been collected in the following ways: 

1. One series came from the village Ifar 
Besar in the central Sentani district. 

2. Another series collected in three dif- 
ferent villages, consist mostly of blood 
samples from the same central region. 
However one of these villages (Ifar Ba- 
bronko) has been influenced by the west- 
ern Sentani region. The other two villages 
Babronko and Simporo belong to the Cen- 
tral region. 

3. One series came from the western 
part (Dojo). 

4. Two series from three villages Sekori, 
Sawiron and Sabron that are situated at a 
certain distance from Lake Sentani, the 
first two, south of the lake, Sabron north 
west of the lake. Although initially we re- 
ceived information from the natives that 
these villages also belonged to the Sentani 
tribe, it appeared later on that the popula- 
tion contained only a negligible Sentani 
component. The main component of this 
population consists of elements from popu- 
lations that live in the area west and south 
of Lake Sentani. 


Dutch New 
Guinea. 

2 Biologist, Central Laboratory of the Nether- 
lands Red Cross Blood Transfusion Service, Am- 
sterdam, Holland. 

3 Director: Dr. J. Bierdrager. 
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MATERIAL AND METHODS 


The greater part of the blood samples 
was collected by means of a finger prick. 
A small quantity of blood was added to 
tubes that contained a citrate glucose solu- 
tion (Rous-Turner ), while as an antiseptic 
“Cialit” was added in a dilution of 
1/20,000. One shipment contained sam- 
ples of 1 ml clotted blood. The tubes were 
sent in a thermosflask with ice, by air to 
Amsterdam, where blood grouping was per- 
formed. The study was done from Novem- 
ber, 1956 to July, 1957. Because of com- 
plicated family relations it was difficult to 
avoid taking blood from related persons 
but thanks to the assistance of a Sentani 
Papuan civil servant, it has been possible 
to select half of the samples. 

For blood grouping the following anti- 
sera were used: anti-A, -B, -A+B, -M, -N, 
anti-P, anti-C, -c, -D, -E. For most blood 
samples also anti-He and anti-Fy* and with 
some series anti-K, anti-A: (only blood 
groups A and AB), anti-C”, anti-Di*, anti- 
Tj? (= anti-P+P,) (only for P-negatives) 
as well. Moreover all E-positives were 
tested with anti-e, while special attention 
was paid to the presence of D" and E*. The 
results of the different series were com- 
pared by means of the x’ test. 


RESULTS AND DISCUSSION 


When comparing the results of the 5 
series it appeared that the blood group dis- 
tribution of the villages Sekori, Sawiron 
and Sabron differ considerably from the re- 
maining series. No significant difference 
could be shown between the central dis- 
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trict and the western part of the Sentani 
district. 


| 


The ABO blood groups 


In the ABO frequencies (table 1) we 
notice especially the low B frequency inj 
the Sentanis and the high A and the low O} 
frequency in Sekori. In Papuans A fre-) 
quencies vary from 7.5% at the Wissel] 
Lakes (Simmons, Graydon, Semple andj 
Swindler, 56) to 29.7% in the Bainings; 
from New Britain (Simmons et al., 56 and} 
Semple, Simmons, Graydon, Randmae and! 
Jamieson, ’56) and 29.3% in the Papuans} 
from the south west coast of New Guinea 
(Bylmer, *35). In New Guinea the B; 
frequency varies from 9.9% (Bylmer, ’35}) 
to 19.6% (Daru and Kikori, Simmons, 
Graydon, Woods, Smith and Lancaster) 
46), while 25.2% was observed in the 
Bainings from New Britain (Simmons ef; 
al., "56; Semple et al., 56). As far as blood 
group frequencies in Papuans are known 
now, the Sentanis correspond best with 
the Gorokas from the central highlands} 
of Australian New Guinea, while the Se? 
koris have similarities with the south wesi 
coast (Bylmer, 735). 


ad 


Oo A 


Goroka 
(Semple et al., 56) 
Mimika district 
(Bylmer, 735) 


72.9 16.8 10.2% 


61.3 29.3 9.9% 


Blood grouping of 107 samples of grou; 
A and 14 of group AB with anti-A: serum 
gave exclusively positive reactions. 


TABLE 1 
Observed Expected 
es — Gene frequences 
Number % Number % 
Sentani 
O 125 52.08 125.8 52.5 
A (he) 31:25 74.2 30.9 Oo 72.4% 
B 33 13:75 32.0 13.4 A 18.9% 
AB 7 2.92 7.9 3.3 B 8.7% 
Totals 240 100.00 239.9 100.1 100.0% 
Sekori a.o. 
O 47 36.42 46.3 35.9 O 59.9% 
A 57 44.19 57.7 44.7 A 29.9% 
B 16 12.40 17.2 13.4 B 10.2% 
AB 9 6.98 7.9 6.1 
Totals 129 100.00 129.1 100.1 100.0% 
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The MNS blood groups 


Although the M frequencies (table 2) 
are not very low, such as in Daru and 
Kikori (Simmons et al., 46) and in Chim- 
bu (Simmons et al., 56 and Semple et al., 
06) with M gene frequencies of resp. 3.9 
and 2.1%, they are not higher than is 
known in some other Papuan populations 
(Simmons et al., 56; Semple et al., 56). 
The S-frequencies (table 3) are however 
lower than in other Papuans. In Sekori 
c.s. no S was found at all. This indicates 
a very low frequency in this group. Also 
in the Sentanis the frequency is low, only 
2.2% S genes were found. So far, low S 
frequencies were found in the Gorokas 
(6.3% ) and at the Wissel Lakes 0.8%, in 
a few groups on New Britain (0% and 
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(3.9% ) (Nijenhuis and van der Hoeven, 
06). Higher S frequencies (more than 
10% ) were found a.o. in the series of 
Sanger and co-workers and Walsh and co- 
workers (13.4%) and in the Chimbu 
(15.2% ) (Simmons et al., 56). 

On a total of 324 tests not a single He 
positive was found (table 6). Also in view 
of earlier observations it seems probable 
that the He factor occurs seldom or not at 
all in New Guinea (Nijenhuis and van 
der Hoeven, ’56). 


The P blood groups 


The P frequencies show a considerable 
difference between Sentani and _ Sekori 
(table 4). Similar differences in P-fre- 
quencies have also been observed else- 


1.1%) and on the Schouten Islands where: on Biak only 42.76% P-positives 
TABLE 2 
Observed Expected 
2 ee Gene frequences 
Number % Number % 
Sentani 
M 5 2.08 2.9 1.22 
MN 43 17.92 47.1 19.64 M 11.04% 
N 192 80.00 190.0 79.14 N 88.96% 
Totals 240 100.00 240.0 100.00 100.00% 
Sekori a.o. 
M (0) 0.00 1.2 0.94 M 9.7 % 
MN 25 19.38 22.6 17.52 N 90.3 % 
N 104 80.62 105.1 81.54 
Totals ‘429 100.00 128.9 100.00 100.00% 
TABLE 3 
E ted 
AL sa a epee = Gene frequences 
Number % Number % 
Sentani 
MMS (0) 0.0 0.0 0.0 
era 3 2:2 1.6 2 MS 0.0% 
MNS-++- (0) 0.0 0.6 0.5 Ms 10.7% 
MNS— 23 16.9 25.4 18.6 NS PI PNIO 
NNS+ 6 4.4 5.2 3.8 Ns 87.1% 
NNS— 104 76.5 103.1 75.9 
Totals 136 100.0 135.9 100.0 100.0% 
Sekori a.o. 
MMS (0) 0.0 0.0 0.0 
ea (@) 0.0 0.9 1.3 
MNS+ (0) 0.0 0.0 0.0 MS 0.0% 
MNS— 15 23.1 13.2 90.4 Ms 11.5% 
NNS-+ (0) 0.0 0.0 0.0 NS 0.0% 
NNS— 50 76.9 50.9 78.4 Ns 88.5% 
Totals 65 100.0 65.0 100.1 100.0% 
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were found (Nijenhuis and van der Hoe- 
ven, 56); in the central highlands of 
Australian New Guinea 57.2% ; at the Wis- 
sel Lakes 63% (Simmons et al., 56; Sem- 
ple et al., 56) while on New Britain 89.5% 
and 35% P-positives were observed. Ob- 
viously there exists in these populations 
considerable differences in P-frequencies. 

A small number of P-negative (Pi-nega- 
tive) blood samples that were tested with 
anti-Tj* (anti-P:t+P) appeared to react 
100% positive with this serum (table 6). 


The Rhesus blood groups 


The Rh frequencies are according to 
Papuan measures divergent (see Simmons 
et al., 56). In the Sentanis the cDE and 
cDe frequencies are high, the CDe fre- 
quency is low. They correspond to a great 
extent with the frequencies of the Gorokas 
(Semple et al., 56); CDe 80.1%, cDE 
12.9% , cDe 7.1%. 

Semple and co-workers (’56) also found 
high cDE frequencies in the Papuans from 
the Wissel Lakes (12.1%) and in the 
Bainings from New Britain (16.8% ), but 
both groups have lower cDe frequencies 
2.9% and 1.4%. In Sekori c.s. Rhesus fre- 
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guencies are just the other way round: 
the cDe chromosome was not observed | 
while CDe has a very high frequency. 
Most similarity exists with the inhabitants | 
of the island of Biak (Nijenhuis and van | 
der Hoeven, 56) CDe 92.9% , cDE 5.7%, || 
cDe 1.1%, CDE 0.3%. On the south coast | 
of Australian New Guinea, Simmons and | 
co-workers (46) also found a high CDe | 
frequency 94.5%, however the cDE fre- | 
quency is lower (2.0% ) and the cDe fre- | 
quency higher, also 2.0% , while Simmons | 
and co-workers found 1.5% CDE. | 
Summarizing it appears that the blood | 
group distribution of the Sentani Papuans 
shows similarities with the Gorokas in all | 
blood group systems. When blood group 
frequencies have been investigated in more 
Papuan tribes along the coast we might | 
find that they have similarities with the 
Sekori c.s. Much blood grouping will have 
to be done in New Guinea before the entire | 
pattern of blood group distribution will be | 
clear to us. With Rh typing special atten- | 
tion was given to the presence of the var- | 
iant factors D" and E*. Simmons and co- | 
workers (’56) mention to have found D" | 
on New Britain but not on New Guinea. 


TABLE 4 
Sentani Sekori a.o. Gene frequences 
Number % Number % Sentani Sekori a.o. 
P+ 117 49.0 84 65.6 Pp 28.5% 41.4% 
P— 122 51.0 44 34.4 p 71.5% 58.6% 
Totals 239 100.0 128 100.0 100.0% 100.0% 
TABLE 5 
Observed Expected 
Number % Number % Gene Sea 
Sentani 
CCDee 155 64.58 155.2 64.64 
CcDEe 48 20.00 46.7 19.46 CDe 80.4% 
CcDee 28 11.66 28.9 12.06 cDE 12.1% 
ccDEE 3 1.25 3.5 1.46 cDe 7.5 
ccDEe 4 67 4.4 1.81 
ccDee 2 0.83 1.3 0.56 
Totals 240 99.99 204.0 99.99 100.0% 
Sekori a.o 
CCDee 119 92.2 118.2 91.6 
CcDEe 9 7.0 10.6 8.2 CDe 95.7% 
ccDEE 1 0.8 0.2 0.2 cDE 4.3 % 
Totals 129 100.0 129.0 100.0 100.0% 
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TABLE 6 

Sentani Sskori a.o. 
Ti(at) 24 100%} 
Tj(a—) (0) 0% 
Total 24 
K+ (0) 0% 
K— 165 100% 
Total 165 
Fy(a+) 166 100% 49 100% 
Fy(a—) 0 0% 0 0% 
Total 166 49 
Di(a+) (0) 0% 
Di(a—) 84 100% 
Total 84 
He+ (0) 0% 0 0% 
He— 240 100% 84 100% 
Total 240 84 


1 Determinations with anti-Tj? were performed only with P-negative blood samples. 


Also Walsh found a D® antigen on New 
Britain. When blood grouping the Sentani 
and Sekori Papuans with anti-D a con- 
siderable number of weak agglutinations 
was observed. In some cases the reaction 
was completely or almost negative. 

In these extreme cases tests were done 
with several anti-D sera, with the saline 
method as well as with the albumin meth- 
od. In this way 12 blood samples were clas- 
sified as D", all belonging to the Rh type 
CCD"ee. Identification of these D* anti- 
gens very much depends on the kind of 
anti-D serum used. Because with the Rh 
typing different anti-D sera were used in 
various series, one series gave more D* 
than another. In the third series not a 
single D" was found. In later series it 
appeared that with anti-D serum, used in 
the third series, all D" antigens gave posi- 
tive reactions. The invesitgation for E" 
will be published elsewhere more exten- 
sively (Nijenhuis, de Vries, Soeparto Sed- 
jodihardjo, Jonxis and de Graaf, 58). We 
should just like to mention that in the 
Sentanis 2 E antigens and in Sekori c.s. 
5 E antigens could be classified with cer- 
tainty as E*. Eighty-three blood samples 
(Sentanis) gave only negative reactions 
with anti-C” serum. 


Other blood groups 


Blood grouping was also done with anti- 
sera, anti-K, anti-Fy* and anti-Di*. With 


anti-K and anti-Di* only negative reactions 
were observed, with anti-Fy’ all blood sam- 
ples tested reacted positively. Kell posi- 
tives seem extremely rare in Papuans. 
Semple and co-workers (’56) found one 
in 52 tests in the central highlands, Nij- 
enhuis and van der Hoeven (’56) observed 
one in 183 blood samples in Papuans from 
Biak. The Duffy factor was always found 
positive in Papuans except by Semple and 
co-workers (56) who found three nega- 
tives in 30 samples in Papuans from the 
Wissel Lakes. Lack of Di’ positives agrees 
with the results of Simmons (’57); no Di? 
could be shown in Polynesians, Australians 
and Papuans. Nijenhuis and Soeparto Sed- 
jodikardjo did not find Di* positives in 
Javanese from Semarang. 


SUMMARY 


Blood grouping has been done in Papu- 
ans from the Sentani Lake district. No 
difference could be observed between the 
inhabitants of the central part of the dis- 
trict and the western part. 

However, comparatively large differ- 
ences were shown between the Sentani 
Papuans and the inhabitants of a region 
just south and west of Lake Sentani. The 
blood group frequencies found are given 
in tables 1 to 6. The frequencies of the 
Sentanis correspond very much with the 
results of Semple and co-workers in Goroka 
Papuans. 
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During the months of November, 1958 
‘and January, 1959, the authors had the 
|opportunity of visiting the Paraujano In- 
dians of Venezuela.’ At present the habitat 
of this tribe is located in the general area 
of the lagoon of Sinamaica (fig. 1) (11° 
tlong., 71°50’ lat.), while in former times 
‘| they also inhabited stretches of the sea 
coast, the western shore of Lake Mara- 
caibo, and the river banks south of Sin- 
|amaica. They were reported in that area 
as early as 1499, and most probably have 
been living there since prehistoric times. 

In 1499 the explorer Alonso de Ojeda 
|discovered the pile-dwellings of these In- 
dians along the shores of the so-called 
“Saco de Maracaibo,” and in 1520 the 
Paraujano were visited by Ambrosius Eh- 
inger who encountered them on the west- 
ern shore of Lake Maracaibo. He men- 
tioned them by the name of Onotos which, 
like other denominations, e.g., Alcojolados, 
Aliles, Toas, Zaparas and Sinamaicas, are 
synonymous for Paraujano (Jahn, 727). 

Although there remain several smaller 
| Paraujano villages in the general area of 
Sinamaica, the nucleus of the tribe sur- 
vives in 4 settlements around the lagoon 
jitself, and these most likely represent the 
same villages Ehinger already mentioned 
in 1531 (Oviedo y Valdés, 1851). Accord- 
{ing to the 1958 census carried out by the 
|} Division de Malariologia of Maracaibo, 
‘there exist today around the lagoon some 
+260 houses, sheltering a total population 
of 1,348 individuals. 


Culture identification 


According to the early sources and judg- 
ing from our own experience, Paraujano 
|} culture may best be described as Marginal, 
|} featuring a simple technology, a food col- 
jlecting economy, an unstratified social 
} structure, and a little developed religious 
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system. The culture of the Paraujano 
would seem to have something in common 
with a large number of hunting and fish- 
ing peoples who in prehistoric times spread 
all across Venezuela from the Andes to the 
Orinoco Delta. Although this chain of 
distribution has been interrupted under 
the impact of Arawakean, Caribbean, and 
European immigrations, remnants of these 
early populations remain traceable, while 
some of them have even managed to sur- 
vive with their autochtonous culture still 
in function. 

The Paraujano construct stilt-dwellings 
and for communication and transporta- 
tion they largely rely on dugouts. Pottery 
and weaving does not seem ever to have 
been practiced by them, but basketry for 
the production of a variety of containers 
and of sleeping mats constitutes an im- 
portant industry of theirs. 

Paraujano economy is based on fishing 
and collecting of wild fruits. Hunting is 
of minor importance, but since the first 
coconut-trees were planted, some 100 years 
ago, the selling of the nuts and their by- 
products gave a new orientation to the 
economy of these lake dwellers. 

The social structure of modern Parau- 
jano features: bilateral descent, Hawaiian 
cousin terminology, bilocal and restricted 
neolocal residence, bilateral endo-demes, 
bilateral extension of incest taboos, re- 
stricted polygyny, independent nuclear 
families, and lineal terms for aunts and 
nieces. 

Religion seems to have been orientated 
towards Shamanism exclusively, function- 
ing mainly in life crisis situations, e.g., 
birth, initiation, sickness, and death 
(Wilbert, ’59). 


1 The ethnic group under discussion must not be 
confused with the Paraujano Indians of Guiana. 
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DIVISION OF MALARIOLOGY 


SINAMAICA MUNICIPIUM 
PAEZ DISTRICT 


PLACES WHERE THE BLOOD 
SAMPLES WERE TAKEN 


1- Caofio Morito 
2- El Barro 


ZULIA STATE 
SCALE= 1:100,000 
(Token from the Shell Carthean Petroleum Co) 


3- Boco del Cafio 
4- La Boquita 


Figure 1 


Blood group antigen studies 


Material. The material of research com- 
prises 120 blood samples collected from 
unrelated Paraujano Indians of the Sin- 
amaica group. The blood samples were 
tested for the 9 well established blood sys- 
tems as well as for the Diego system. The 
incidence of Js*, which probably will be- 


come the 11th blood group system, has 
also been determined. Electrophoresis 
studies of the hemoglobin were performec 
by using a pH 8.6 barbital buffer. | 

For the studies of the blood group sys3 
tems the blood samples were tested wi 
the following antibodies: 

1. Anti-A, anti-A, 
A: A.BO. 


and anti-B fon 


; 2. Anti-M, anti-N, anti-S, anti-s, 
}anti-U for MNSs. 

| 3. Anti-P: (previously called anti-P), 
and anti-P+P; (previously called anti-Tj*) 
| (Sanger, ’55). 

| 4. Anti-C, anti-c, anti-D, anti-E, anti-e 
} and anti-V for Rh. 

5. Anti-Lu* for Lutheran. 

6. Anti-K, and anti-k for Kell. 

ie Anti-Le* for Lewis. 
8 
9 
0 


and 


. Anti-Jk* for Kidd. 
. Anti-Di* for Diego. 
. Anti-Js* for Js. 


RESULTS 
A:A2-BO. As it will be commented on 


}up mainly by the descendants of the 
Paraujano Indians with a certain propor- 
}tion of admixture with Caucasoids and 
)Negroids. The positive frequency of the 
fgenes Ai(3.94% ), A:(2.25%), and B 
} (2.25% ) give evidence of the interbreed- 
ing suspected. 

| MNSs. As in most of the American In- 
dian tribes, the gene M predominates over 
}the gene N. However, it was not found 
? (60% ) to be as high as in other American 
Indians. The frequency of the gene S 
§ (46.64% ) is one of the highest frequencies 
jever found anywhere. Only the Kaingang 
thave shown an S gene frequency higher 
}than that of the Paraujano (Fernandez, 
| Junqueira, Kalmus, Ottensooser, Pasqualin 
sand Wishart, 57). 

{| P. Until now no more than 10 tribes 
fhave been tested for the P system. Its 
{gene frequency has shown a wide range 
fof from 34% in Dieguenos of California 
#(Pantin and Kallsen, 53) and of from 
£23% in Brazilian Indians (Pantin and 
i Junqueira, 52), to about 85% observed in 
}Blackfoot Indians (Chown and Lewis, 
3753). As can be seen in table 1, the gene 
frequency of P:(29.29% ) is very similar 
'to the incidence which was established for 
athe only South American Indian group 
jtested so far. 

Rh. The chromosome Ro(cDe), absent 
in all pure Venezuelan Indian tribes, 
“showed an incidence of 15% which is 
pindicative of Negro admixture. This evi- 
dence is reinforced by the finding of 5 
#individuals carrying the antigen V. The 
chromosomes CDe and cDE were on the 


BLOOD GROUP ANTIGENS AMONG THE PARAUJANO 


133 


range that is found in other Indian tribes. 
Not a single Rho negative blood sample 
was found, although this had also been 
expected because of the physical evidence 
of the Negro and White admixture. This 
result will be commented upon. 

Kell. Contradictory results have been 
obtained in testing this antigen among 
Indians. Matson, Koch and Levine (’54) 
reported a frequency of 10.17% among 
Chippewa Indians but Chown and Lewis 
(752) did not find a single positive case in 
pure-blood Canadian Indians and they also 
retested the Chippewa Indians (Chown 
and Lewis, 57) studied by the former au- 
thors finding only 5 positive out of the 40 
originally said to be K(+). 

In South America, Patin and Junqueira 
(52) found 10.17% K(+) in Brazilian 
Indians. While more recently Fernandez, 
Junqueira, Kalmus, Ottensooser, Pasqualin 
and Wishart (757) did not observe any 
positive cases among Kaingangs, Jun- 
queira, Kalmus and Wishart detected 7 
positive out of 35 samples from Caraja 
Indians. The present authors, as yet, have 
not observed a single case of K(+) in 500 
pure Venezuelan Indians tested. 

Lutheran. In South America, only the 
Brazilian Indians have been tested for the 
Lu’? antigen, finding 16.44% Lu(at) 
(Patin and Junqueira, *52). From our 
material, this antigen has proved to be 
absent in 500 pure Indians from various 
tribes of Venezuela (unpublished data). 

Lewis. The little data on American In- 
dians available for this system indicate a 
much lower frequency of the Le(a+ ) anti- 
gen in American Indians than in European 
and African populations. For the Black- 
foot and Blood Indians it has even been 
shown to be negative (Chown and Lewis, 
53). About the results obtained in Goa- 
jiro (an Arawak tribe), it is possible that 
the 5 positive cases found, are due to 
White-Negro admixture. 

Duffy. Like in most American Indians, 
the frequency of the gene Fy’ in Paraujano 
(63.49% ) is higher than in Caucasoids 
and Negroids. 

Kidd. Since the incidence of the anti- 
gen Jk* has not been studied in South 
American Indians at all and in only 4 
North American Indian tribes, we can only 
state that the Paraujano showed an in- 


TABLE 1 
Frequency of blood group antigens in Paraujano Indians 


Modern Paraujano 


Prehistoric Paraujano 
Phenotypes (% ) possible frequency 
Genes or — 
Number Frequency Frequency chromosomes Phenotypes Genes 
observed observed expected 
% % % 
A1A2BO system 
At 9 7.50 7.65 3.94 (0) (0) 
Ag 5 4.16 4.21 2.26 (0) (0) 
B Ss 4.16 4.21 2.26 (0) (0) 
AiB 1 0.83 0.18 (0) 
AcoB 0 0.00 0.10 (0) 
100 83.33 83.64 91.54 100 100 
Total 120 99.98 99.99 99.98 100 100 
MNSs system—All samples U(+) 
MMSS 11 9.16 11.22 16.45 
MS-33.50 MS-40.55 
MMss 6 5.00 7.29 5.05 
MMMSs 29 24:17 18.04 Ms-26.93 18.25 Ms-22.48 
MNSS 5 4,16 8.84 11.68 
MNss 11 9.16 14.22 10.14 
NNSS PE eee Nae *3.07 
aI 1 A 
NS-13.18 NS-14.39 
NNss 9 7.50 6.96 5.09 
NNSs 10 8.33 6.96 Ns-26.39 6.48 Ns-22.57 
Total 120 99.99 100.00 100.00 99.99 99.99 
P system 
Py 60 50 29.29 32.85 18.06 
P2 60 50 70.71 67.15 81.94 
p 10) (0) (0) 
Total 120 100 100.00 
Rh system 
CCDDEE 0 0.00 0.01 0.01 
GgDE® ae a at, raat ae 
ee R g 
cDEe z 
CcDEeV 32 1.66 25.74 35.35 
cDee 1 17.51 
19.28 0.00 
CcDeeV i 0.83 
eee $$ BF bet aay 58 ee Looe 
ce e 9 - : cDe cDe 
ccDEeV 2 1.66 cde \ 14.89 cde ( 0.00 
ccDee 3 2.50 2.22 0.00 
Total 120 100.00 100.00 100.00 100.00 100.00 
Lutheran system 
Lu(a+) 1 0.83 _— Lua-0.42 0.00 0.00 
Lu(a—) 119 99.16 Lub-99.58 100.00 100.00 
Total 120 99.99 — 100.00 100.00 100.00 
Kell system 
K (0) 0.00 0.17 0.42 0.00 0.00 
Kk 1 0.83 0.83 — 0.00 — 
kk 119 99.16 99.00 99.58 100.00 100.00 
Total 120 99.99 100.00 100.00 100.00 100.00 
Lewis system 
Le(a+) 5 4.16 — — 0.00 — 
Le(a—) 115 95.83 —_ — 100.00 —_ 
Total 120 99.99 — — 100.00 _— 
Duffy system 
Fy(a+) 104 86.66 — Fya 63.49 94.49 76.56 
Fy(a—) 16 13.33 _— Fy + Fy> 36.51 5.51 23.44 
Total 120 99.99 — 100.00 100.00 100.00 
Kidd system 
Jk( a+) 102 85.00 — Jk 61.28 84.82 61.06 
Jk(a—) 18 15.00 Jk> 38.72 15.18 38.94 
Total 120 100.00 — 100.00 100.00 100.00 
Diego system 
pitat} 12 10.00 Dia 5.14 12.84 6.90 
Di(a— 108 90.00 — Di 94.86 87.16 93.10 
Total 120 100.00 —_ 100.00 100.00 100.00 
Js system 
Js(at+) 3 2.50 — 1.23 0.00 0.00 
Js(a—) 117 97.50 _ 98.77 100.00 100.00 
Total 120 100.00 — 100.00 100.00 100.00 
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*rmediate incidence between the one 
jund in White and in Negro populations 
spectively. 

Diego. The gene Di* showed a frequency 
£ 5.14% which is close to the incidence 
reviously found in Goajiro Indians (Lay- 
isse, Arends and Dominguez Sisco, ’55). 
this finding we shall discuss later on in 
lore detail. 

_Js. The new blood group antigen Js’, 
iscovered by Giblett in 1958, appears to be 

Negro gene. In recent studies, Layrisse 
nd Layrisse (’59) found a negative inci- 
yence of this gene in two Indian tribes. 
*S presence in Paraujano at a rate of 
‘aree out of 120 samples should be inter- 
reted as due to interbreeding with Ne- 
roes. 

Abnormal hemoglobin. Only one ab- 
| ae hemoglobin of the AS type was 
und. 


Rate of admixture 


According to the tribal history as well as 
their physical features, modern Parau- 
no may be considered as being the re- 
It of the interbreeding of three base pop- 
lations: Indian, Negroid (represented 
jy the descendents of West African Ne- 
oes), and Caucasoid (predominantly 
ae by the descendents of Span- 
S). 
Negro admixture. The blood group anti- 
jens tested and the electrophoretic studies 
lf hemoglobin in the Paraujano, showed 
jaree genes (V, Js*, hemoglobin S) and 
e chromosome (Ro), which could be 
tilized in estimating the Negro gene flow 
to the Paraujano pool. The gene V of 
e Rh system has been found in a high 
jacidence in West African Negroes (De 
Natale, Jack, Race and Sanger, °55), 
while in less than 0.5% in Caucasoids, 
nd even negative in Venezuelan Indians 
Layrisse, unpublished data). 
' As mentioned before, the Js* appears to 
je a Negro antigen. Since modern North 
American Negroes represent the result of 
jaterbreeding of approximately 80% of 
est African Negroes and 20% of Euro- 
ean Caucasoid (Roberts, 55) and since 
e incidence of the gene Js* in North 
‘American Negroes amounts to 10% only, 
i; could be estimated that West African 
Negroes carry this gene in a proportion of 
42.5%. This figure will be taken into ac- 
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count for the calculation of Negro ad- 
mixture in Paraujano. 

The hemoglobin S is a useful gene mark- 
er in Negroes. Genetic calculations are 
faced with certain difficulties, since the 
majority of the homozygous individuals for 
this hemoglobin die in childhood; in addi- 
tion, the incidence of this hemoglobin in 
the population of West African Negroes ex- 
hibits a wide range (Livingstone, ’58), 
Still, the presence of one case of a hemo- 
globin of the type AS among the Parau- 
jano may indicate a Negro admixture of 
about 7% to 15%. 

The chromosome Ro (cDe), likewise is 
a useful tool for determining the Negro 
gene flow into a non-Negro population. 
Nevertheless, for reasons that will be dis- 
cussed below, the rate of admixture es- 
tablished by employing this chromosome 
will not be adopted as being representative 
of the Negro admixture in our Indian 
population. 

The rate of Negro genes which were in- 
troduced into the Paraujano population 
was calculated according to the Glass and 
Li formula (753). This formula is ex- 
pressed as follows: 

Ek a=9 

Cae qo —Q 
where k is the number of generations of 
intermixture, m the percentage of genes in 
the Paraujano population which were in- 
troduced per generation from the descend- 
ents of West African Negroes, qx the V, 
Js* or Ro frequency in Paraujano, q. the 
gene frequency in prehistoric Paraujano 
plus frequency of Spaniards, and Q the 
gene frequencies in West African Negroes. 

It could be estimated that an appreci- 
able intermixture of White and Negro with 
the Paraujano began at the beginning of 
the 17th century. With regard to the 
length of generation in the Paraujano 
tribe, it was not possible to obtain ac- 
curate data; however, according to the 
custom of the Indians to marry rather 
soon after the girls have passed their first 
menstruation, it could be said that the 
length of generation in that tribe is around 
20 years. In table 2 is shown the m val- 
ues per generation according to the inci- 
dence of V, Js* and Ro and the amount of 
Negro genes accumulated after 360 years 
(18 generations). 


136 


TABLE 2 I 

Rate of West African Negro admixture found in the Paraujano Indians; | 
according to Glass and Li’s formula 

ee 


G r 
Chivihoscisen do Q 
Vv (@) 22.54 
Js? (@) 12.50 
Ro(cDe) 5.26 55.00 


Caucasoid admixture. From the results 
of blood group antigens obtained in the 
present study it is impossible to estimate 
the White admixture directly, e.g, by tak- 
ing into consideration the gene frequen- 
cies. This only seems to be possible after 
subtraction of the Negro genes. 

Knowing that practically all South Amer- 
ican Indians belong to the group O, and 
that the Negro admixture in Paraujano 
amounts to some 10.55% , it appears to be 
genetically correct to first subtract from 
the frequency of ABO the genes respon- 
sible for the Negro admixture, and then 
calculate the rate of White admixture. 
The available ABO data for the West 
African Negroes (Mourant, Kopec and 
Domaniewska, 58), show a frequency of 
14.97% for the gene A, 12.70% for the 
gene B, and 72.57% for the gene O; so 
that 10.55% of these frequencies come up 
to 1.58% of A, and 1.34% of B. 

Since the Paraujano showed an inci- 
dence of 6.19% and 2.25% of the genes A 
and B respectively, there remain 4.61% of 
A and 0.91% of B after the genes respon- 
sible for the Negro admixture have been 
subtracted. The 51 data on ABO for 
Spaniards (Mourant, Kopec and Doman- 
iewska, °58) displayed a frequency of 
28.24% of the gene A and 6.24% of the 
gene B. Calculating the percentage of 
Spanish admixture from the remaining 
frequency of A and B in Paraujano, 
16.32% were obtained when calculating 
according to the gene A and 14.55% ac- 
cording to the gene B. These figures give 
an average of 15.45% of Spanish admix- 
ture. 

Considering the distribution of the vari- 
ous chromosomes of the Rh system, it will 
be noticed that one or two samples of the 
phenotype ccddee are missing in spite of 
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Percentage 
of admixture 
accumulated 

during 360 

years (18 
generations ) 


Tm 
9.84 
19.36 


qx m 


0.0064 
0.0057 
0.0120 


2.54 
1.23 
14.89 


the introduction of 26% of White-Neg: 
genes. With respect to the chromosonm 
Ro, it is not unreasonable to suggest thi 
the three samples of phenotype ccDee n 
sponsible for the frequency of this chron 
osome are due to Negro admixture. 
Since the number of individuals teste 
was not a very large one and because + 
the absence of phenotype ccddee hinde 
the appropriate correction for all tt 
phenotypes carrying ccee, there exists | 
certain possibility that one of the phe 
type ccDee could be due to Spanish a 
mixture. 
In conclusion it may be said that th 
modern Paraujano represents the result | 
an admixture of: 74% Indian, 15.45‘ 
Spanish, and 10.55% West African Negn 
Whether the proportion of Indian blood 
made up by Paraujano blood only « 
whether also neighboring tribes contrii 
uted towards it, will be discussed later o; 
The probable blood group antigen distr 
bution of prehistoric Paraujano is sho 
in table 1. It was calculated by subtrac 
ing in each blood group system the gen 
or chromosomes responsible for Whit 
Negro admixture, and by elevating the n 
mainder from 74% to 100%. 
DISCUSSION | 
In a previous chapter we have classifie 
Paraujano culture as being Marginal : 
type. As such it resembles to a large di 
gree that of the Warrau Indians of tl 
Orinoco Delta. In fact, resemblances 
certain culture traits, e.g., fishing econon 
and technology, are so suggestive thi 
ethnologists at times may have felt px 
voked to assume a common cultural an 
possible genetic origin of the two tribe 
However, while the probability of cultu 
relationships between the Paraujano an 


) 


BLOOD GROUP ANTIGENS 


1e Warrau may still be open to discus- 
on, (Kirchhoff, 48), any closer genetic 
nk between the two tribes appears to be 
efinitely out of the question. In par- 
cular we refer to the incidence of the 
i* and MN antigens. The two Warrau 
ommunities (Guayo and Winikina) tested 
y Layrisse, Arends and Wilbert, (58), 
howed a Di* frequency of 3.69% among 
ae Guayo-Warrau and 0% among the 
Vinikina-Warrau, while the M gene fre- 
fuencies were 50.61% and 36.79% re- 


s the Arawak and Carib with whom the 
eripheral Warrau have been in some con- 
het for many centuries. 

' Two other Venezuelan tribes were tested 
us whose culture appears to be basic- 


f differences between the cultures of the 
WVarrau and that of the Piaroa and Guah- 
‘bo, which until now have not precisely 
‘een worked out by cultural anthropolo- 
‘tists. However, judging from the frequen- 
‘lies of the Diego antigen in “Marginal 
ifeoples” of Venezuela, genetic differences 


1 Although then culturally related to the 
‘Marginal tribes of Venezuela, genetically 
ilipeaking we regard the Paraujano as be- 
Wonging to a different ethnic stock. This 
ilifference is also beared out by linguistics, 
wccording to which the Paraujano belong 
ilo the Arawakean family, whereas Mar- 
Minal tribes of Venezuela apparently form 
independent linguistic stocks. Consider- 
ng the characteristics of Paraujano cul- 
lure it is surprising, to a certain extent, to 
iHearn of their Arawak affiliation since, as 
rule, Arawak culture features elements 
if a higher degree of development. 

It should be remembered, however, that 
gustic similarity does not imply cul- 
w@ural homogenity; and there is no reason 
why the Arawak characteristic of the Par- 
ujano should be doubted because of cul- 
qural divergence between them and the 
i ajority of Arawak tribes. Referring to the 
yeoajiro, the Arawak speaking neighbors 
if the Paraujano, we probably deal with a 
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parallel case of a lower leveled Arawak 
culture. This, however, will be difficult 
to prove, since by the early adoption of 
cattle, Goajiro culture has so completely 
been modified that little trace of their 
original culture remains. 

Drawing on the results of glottochron- 
ology (Swadesh, *58), we are led to as- 
sume that the transcontinental expansion 
of the Arawak across extensive parts of 
northern South America commenced some 
6,500 years ago. Since agriculture seems 
to have been practiced by South American 
tribes only considerably later, the expan- 
sion necessarily started as that of hunting 
and fishing peoples. The ancestors of the 
Paraujano, and in our opinion also those 
of the Goajiro, would seem to have formed 
a part of their own rather than of the more 
recent agricultural Arawak, who continued 
to expand only during the last 2,000 years. 

According to a lexico-statistic calcula- 
tion carried out by Swadesh, the Parau- 
jano and Goajiro languages separated 
some 20 minimum centuries ago (personal 
communication). Before that time the two 
different tribes of today most probably 
formed a closely related ethnic group, and 
in order to find out whether this presump- 
tion could be substantiated by genetics, 
the authors recently carried out a blood 
group study among the Goajiro. Without 
going into details, it may be stated that 
as a result of this study, both tribes were 
found to be genetically identical in most 
of the blood antigens tested, including the 
Diego group (Layrisse, Layrisse and Wil- 
bert, 59). 

It may be of some interest to point out 
that soon after the Paraujano and Goajiro 
separated, some 2,000 years ago, inter- 
mixture of their blood stocks has not 
taken place at any considerable rate. We 
can mention two main factors which have 
been responsible for this isolation: (a) 
the different social structures of the tribes, 
and (b) the strong esprit de corps of both 
groups together with a deep rooted tribal 
prejudice. 

We have previously circumscribed the 
social structure of the Paraujano. The 
Goajiro are socially organized in matri- 
sibs. Descent is matrilineal, residence pre- 
dominantly matrilocal with exceptional 
avunco-locality, kinship terminology is of 


138 


the Crow type. The marriage rule is only 
partially exogamous and marriage requires 
the accumulation of a considerable bride 
price. The individual identifies himself 
most strongly and throughout his life with 
his sib of origin (Wilbert, ’58b). 

Apart from the obstacles arising from 
the different economic patterns of the Par- 
aujano (fishermen) and the Goajiro (cat- 
tle herders), the different patterns of their 
social structure make intermarriage be- 
tween partners of the two tribes almost 
impossible. There is only a slight proba- 
bility of a lower-class Goajiro marrying a 
Paraujano, since the expected bride. price 
would not be altogether out of reach for 
a Paraujano, and since more recent neolo- 
cality among the latter groups would facil- 
itate such a contract. 

As a second isolating factor we must 
consider the deep-rooted prejudice of the 
Goajiro towards their Paraujano neigh- 
bors, and which should not be underesti- 
mated. Even today, the Paraujano are 
looked down upon by the Goajiro as “ani- 
mals feeding on stinking fish,” and we do 
not hesitate to consider this circumstance 
as a very important factor which impeded 
a more extensive intertribal gene flow. 

These arguments, then, lead us to the 
conclusion that our Paraujano blood sam- 
ples are representative of a genuine Ara- 
wak population with a relatively retarded 
type of culture. 

For the sake of future Diego research 
we would finally like to raise the hypo- 
thetical question, whether for reasons of 
two emerging types of Arawak cultures, 
we should expect two different racial ori- 
gins of the Arawaks, or whether the dif- 
ferent cultural types rather represent two 
phases of a cultural development achieved 
by genetically one and the same ethnic 
element. Our Goajiro blood samples do not 
lend themselves towards answering this 
question, since the cultural identification 
of that tribe is uncertain. It would be in- 
teresting, therefore, to test a typical Tropic- 
al Forest Arawak tribe. For the time being 
we prefer to classify our Paraujano blood 
samples as typical of a Marginal Arawak 
population. Insisting on these details may 
seem to be overemphasizing the issue a 
little, but there are reasons to assume that 
the varying frequencies of the Di* antigen 
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in different Indian populations migs 
eventually turn out to be due to racii 
differences, which in turn can only be ii 
terpreted if the populations in questic 
have carefully been identified by all ava: 
able means. 
SUMMARY 
The Paraujano Indians of Venezuela li} 
in the general area of the lagoon of Si 
amaica, Zulia State (11° long., 71°5) 
lat.). Although there are several small 
Paraujano villages in the general area 
Sinamaica, the nucleus of the tribe su 
vives in 4 settlements around the lagoo| 
itself. 
The Paraujano culture may best be a 
scribed as Marginal, featuring a simy 
technology, a food collecting economy, ;| 
unstratified social structure and a little a 
veloped religious system. Linguistical] 
they belong to the Arawak family. 
The studies of blood group antigens 
120 blood samples from unrelated Para 
jano Indians of the Sinamaica Grov 
showed the following percentage of ge: 
or chromosome incidence: 
ABO system: A:—3.94, A,:—2.26, B—-2.1 
and O-91.54, 
MNSs system: MS—33.50, Ms—26.¢ 
NS-13.18 and Ns—26.39. 
P system: P;—29.29 and P.—70.71. 
Rh system: CDE—0.61, CDe—64. 
cDE—19.74 and cDe+cde 14.89. 
Lutheran system: Lu*—0.42 and Lv 
99.58. 
Kell system: K—0.42 and k-99.58. | 
Lewis system: Le(a+) 4.16 (pher 
type). ) 
apne system: Fy*—63.49 and Fy+Fy' 
Kidd system: Jk*—61.28 and Jk’— 38.7 
Diego system: Di*-5.14 and Di-94.& 
Js system: Js*-1.23 and Js—98.77. 
The results of the incidence of A and 
of the ABO system, V of the Rh syste 
and Js* antigen showed that the mode# 
Paraujano Indians is the result of int! 
mixture of approximately 74% Indians 
presented by the descendants of the pp 
historic Paraujano, 10.55% of Negre 
represented by West African Negroes, ai 
15.45% of the descendants of Spaniar 
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| Hupa Reservation 


In the northwestern part of California, 
‘in aboriginal days, lived several tribes of 
distinct linguistic stocks. They were in 
rather close proximity to one another, geo- 
graphically, and in culture they shared in 
common a number of characteristics re- 
»miniscent of the Northwest Coast. This 
area could, in fact, be considered as a cul- 
‘tural borderland, having received influ- 
ences both from California and from tribes 
{located much further to the north. Not 
only did these people place their depend- 
}}ence upon salmon fishing, but much em- 
| phasis was placed upon wealth as a source 
of prestige, and much care was lavished 
‘upon the finish and embellishment of arti- 
facts (Kroeber, 25). Like the Northwest 
Coast itself, the country is heavily forested 
by a variety of conifers, for the rainfall is 
ample; and it is very mountainous, with 
} deep valleys separated by steep high ridges. 
The Indians who populated this country 
4 belonged mainly, although not entirely, to 
the Hupa, the Karok and the Yurok tribes. 
| The Hupa, of Athapaskan stock, occupied 
the lower valley of the Trinity River; the 
Yurok, who speak a language doubtfully 
classified Algonkian lived along the Kla- 
}math River between its mouth and its 
juncture with the Trinity; while the Karok, 
/a Penutian tribe, dwelt in the valley of the 
Klamath above that point. The Wintun, a 
| tribe who speak a Hokan tongue, occupied 
{the upper part of the Trinity valley and 
tmuch of the Sacramento valley in the 
interior. 

Representatives of all of these groups 
are now to be found on the Hupa Reserva- 
\tion, an area of some 200 square miles, 
which centers at the confluence of the 
} Klamath and the Trinity. By far the great- 
fest number of native inhabitants claim to 
} be of Hupa origin, but, during the present 
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century if not before, Indians from as far 
away as Minnesota and Oklahoma have 
come to live there and have intermarried 
with the local people, so that many of the 
younger Indians have derived genes from 
three or even 4 widely scattered tribes. 

Indeed, the Karok and the Wintun, who 
contribute little to the existing gene pool, 
are the only tribes distinctively Californian 
insofar as linguistic affiliations are con- 
cerned. How and when—or why—the 
Yurok appeared on the scene appears to be 
unknown: their closest linguistic relations 
are the Blackfoot. The Hupa themselves 
cannot have reached this area much more 
than a 1000 years ago, at least according 
to the evidence of glottochronology (Hoi- 
jer, 56; Hymes, ’57). A few other lan- 
guages of Athapaskan affiliation are also 
spoken in the adjacent regions of California 
and Oregon, but these appear to have di- 
verged from Hupa some 8 or 9 hundred 
years ago, while the time of divergence be- 
tween the Pacific Coast and Northern 
branches of the stocks is variously esti- 
mated at 1,000 to 1,400 years. It must 
have taken a certain amount of time for 
the ancestors of the Hupa to wander from 
Canada to California, but there is no way 
to estimate just how much, nor is evidence 
yet available from which we might infer 
the route which they took. 

The research upon which this paper is 
based was financed by funds derived from 
the license fees of bars and taverns in the 
State of Washington, which must, under 
Initiative 171, be devoted to biological and 
medical research. The collection of blood 
samples was made under the field super- 
vision of Mr. Arthur Oswald, a graduate 
student at the University of Washington, 
and with the cooperation of local medical 
and educational authorities and of the re- 
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sidents of the reservation, most especially 
the Tribal Council. Blood samples were 
air-mailed to the University, and were 
tested there, either at the physical anthro- 
pology laboratory by Mr. Melville Fire- 
stone, a graduate student, or by techni- 
cians at the King County Central Blood 
Bank, who were kind enough to offer their 
services when, as often happened, so many 
samples arrived at once that the labor of 
several persons was required to accomplish 
the work with the necessary dispatch. To 
all of the persons and institutions named 
above, the author is most grateful. 

Tests were conducted to determine the 
A:A2BO, the CcDE, the MN, and the Duffy 
antigens of the samples received. The sera 
used were from the Ortho Pharmaceutical 
Laboratories and Wadleigh Laboratory. 
Slide tests were run to determine anti-A, 
anti-As, anti-B, anti-c, anti-M, and anti-N 
reactions; while anti-C, anti-D, anti-E and 
anti-Fy* reactions were determined by the 
test-tube method. The indirect Coombs test 
was of course used in dealing with the 
Duffy factor. A small amount of anti-e 
serum, contributed by the Ortho Labora- 
tories, was used on as many as possible of 
the blood samples, and proved of great as- 
sistance in checking for accuracy and for 
the internal consistency of the sample. 

Not all of the blood samples could be 
tested for each factor: our supply of anti- 
Fy*, for instance, was exhausted on two 
separate occasions, and about 100 bloods 
had hemolyzed before replenishments ar- 
rived. Consequently, the size of the dif- 
ferent series differs to some extent. In all, 
373 persons were kind enough to permit 
samples of their blood to be drawn. This 
operation was performed by piercing the 
earlobe with a disposable lancet, and col- 
lecting 5 capillary tubes full of blood. The 
tubes were at once stopped with plasticene, 
and kept under refrigeration for as much 
as was possible of the time until the testing 
procedure could be undertaken. A few of 
the individuals who donated blood were not 
Indians at all, but married to Indians and 
living on the reservation. They are not in- 
cluded in the study of gene-frequencies in 
the population, but are considered in the 
pel of the kindreds to which they be- 
ong. 
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Non-Indians have been living in this; 
neighborhood, of course, for well over a) 
century. Early fur-traders, including Rus-, 
sians, visited the environs, at least, of the: 
Hupa-Yurok- -Karok country; and during the: ; 
period of the gold rush even the more re-: 
mote mountain valleys were prospected by 
a great variety of adventurers from many) 
parts of the world. Certainly some left their 
bones in the vicinity, and there can be 
little doubt that some left their genes. Af- 
ricans and Orientals as well as men of! 
European origin were among the gold 
seekers. Rather later, and in many cases‘ 
to remain permanently, came loggers and/ 
settlers to farm the lowlands. This group) 
of outsiders was composed almost entirely) 
of individuals of European descent: Yank 
ees, Swiss and more recently Portuguese 
and some Mexicans of possibly mixed an- 
cestry. As a result, the Indians now resi 
dent on the Hupa Reservation include ai 
large majority of individuals who are partly, 
Caucasian. Younger Hupa, both meni 
and women, frequently have gone as fa 
as San Francisco to work for some years or 
permanently. Those who return are quite: 
likely to bring home with them spouses, ort 
a child or two of uncertain parentage. 
Many of the children now in school were: 
born in hospitals at Eureka or Arcata, citiess 
not far from the reservation. Genetically, 
then, the Hupa of today are by no means: 
the same as were the Hupa of a few gen- 
erations ago. It is one of the purposes off 
this paper to examine the extent and 
variety of genetic change among them, 
insofar as these changes are reflected i 
shifting frequencies of the blood-type 
alleles. 

The sample which was drawn from the 
Indian residents of the Hupa reservation 
consists of all those individuals who were: 
available and willing during the late fall 
and early winter of 1957, either in thein 
homes, at health clinics, or at schools. It 
was not drawn by a random process, and 
is not representative on the basis of age. 
for more than two-thirds of the persons 
typed were school children. Many families: 
on the reservation are large, but the mean 
size of sibships is not believed to be large 
enough to have led to this effect. When 
ever possible, the parents, older sibs and 
other relatives of school children alread 


|| typed were sought out, so that as many 
“complete kindreds as possible might be 
‘ityped. It is recognized that in a popula- 
‘\tion of infinite, or even of very great size, 
‘this procedure could be expected to skew 
'the picture of gene-frequency distribution. 
‘) In this specific case, however, we are deal- 
‘ting with a really small group, less than a 
‘{thousand in number. Large sibships are 
‘tmore likely to contribute, in proportion to 
‘} their size, than are small sibships, to the 
‘} gene-pool of the coming generation. Any 
| skewing which results from typing as many 
‘members as possible from each kindred, 
should be in the direction of foreshadowing 
ithe future rather than reflecting the past. 
'iComparisons between the _ generations, 
| which are made, indicate the existing 
i} gene-frequencies of each. 

In age, 243 members of the sample are 
4 less than 16 years old, 78 from 16 through 
#45, and 35 are 46 or older. Since there 
tare 177 males and 179 females in the 
sample, the sex ratio suggests random 
distribution by sex, nor does the sex ratio 
vary with age, except in the most minor 
and insignificant manner. 

Attempts were of course made to obtain 
the greatest possible amount of informa- 
tion concerning tribal and racial origin. 
As is well known, however, precise data in 
| this field is not to be anticipated. I can- 
not guarantee the accuracy of the classi- 
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fication by percentage of ancestry which 
has been used in this paper, but believe it 
to be a close approximation of genetic fact. 
The attitudes of the Hupa towards pre- 
marital and extra-marital intercourse is 
such that illegitimacy appears to be readily 
acknowledged. Not one instance occurred 
in which the parentage recorded would 
have been genetically impossible, in all of 
the kindreds which were studied. The total 
series is then, to the best of our knowledge, 
composed of 282 Hupa, 27 Yurok, 19 
Karok and 28 Indians of other tribal affilia- 
tions, including Sioux, Choctaw, Wintun, 
Shoshone, Cherokee, Chippewa and “Okala- 
homa (?).” Any who are part Hupa are 
listed in the Hupa group above: some of 
them are part Yurok, part Karok or part 
Sioux. Of the entire group, however, only 
31 are, so far as could be ascertained, 
purely Indian in ancestry, of whom 17 are 
alleged to be pure Hupa. 


RESULTS 


Table 1 presents the phenotype fre- 
quencies in all the blood type series as 
tested, for the entire sample not broken 
down by age, sex, tribal origin or degree of 
Indian ancestry, while table 2 presents the 
gene-frequencies, in percentages, calcu- 
lated therefrom. It will be noted that the 
alleles B and A2 are both present, as might 
be expected in a group which is partly 


TABLE 1 
Phenotpic frequencies of the ABO, MN, RH and Duffy series of the Indians 
on the Hupa Reservation 
Ai Ae B AB O M MN N Fy(at+) Fy(a-) 
he) ie 26 3 242 132 145 61 210 40 
CDE CcDE cDE CcDe CDe cDe cde CcDEe cDEe 
28 76 OME 74 75 3 8 8 8 
TABLE 2 
Gene frequencies of the ABO, MN, RH and Duffy series of the Indians 
on the Hupa Reservation 
A Ao B Oo M N Fya Fy> 
0.12 0.01 0.04 0.83 0.61 0.39 0.60 0.40 
CDE cDE CDe cDe cde 
0.06 0.29 0.47 0.03 0.15 
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European in ancestry. The gene-frequency 
of B is, however, 4 times greater than that 
of Az, which is not the case in Western 
Europe. The phenotype frequency of A:B 
is precisely what one would expect as a 
result of random mating, given the exist- 
ing frequencies of A: and of B. This ap- 
pearance of genetic equilibrium, however, 
is not completely maintained in the ex- 
amination of MN frequencies. There is a 
deficieny of the heterozygote phenotype 
MN which deviates from expectation to a 
degree which might be expected in only 
one quarter of such samples. This is by no 
means statistically significant, but, in a 
population known to have been constantly 
receiving genes from outside, it is sugges- 
tive. 

The presence of Rh negative phenotypes 
is also to be anticipated in a population 
with partly European ancestry, and the fre- 
quency calculated for this allele would lead 
to the estimate that about one third of the 
genetic makeup of the Indians on this 
reservation today is derived from across 
the Atlantic, since there is no evidence that 
r is aboriginal in any tribe. The presence 
of the gene R° might, perhaps, be taken as 
an indication of an African contribution to 
the local gene-pool, but this is less certain. 
Genetic equilibrium appears to be missed 
to approximately the same degree as in 
the MN series; for the most part due to a 
deficiency in the heterozygote phenotype 
CcDE. The positive allele, or Fy*, in the 
Duffy series, is more frequent than the 
negative, as in most, but apparently not 
all, of the American Indian tribes so far 
tested. The percentage of negative reac- 
tions is, however, rather high, which may 
or may not be attributable to the admix- 
ture of genes from overseas so clearly dem- 
onstrated in the ABO and RH series of 
blood-types. 

Fortunately, the sample is large enough 
so that it can easily be sub-divided in vari- 
ous ways for further analysis. In order to 
find out the direction and degree of change 
in gene-frequencies which is bound to take 
place when any genetic isolate receives 
contributions from other gene pools, such 
subdivisions have been made using age, 
alleged degree of Indian ancestry, and 
tribal affiliation as the criteria. Compari- 
sons between the subgroups which form 


FREDERICK S. HULSE 


| 
I 


the present population may lead to infer-- 
ences concerning aboriginal gene-frequen: 
cies, as well as to extent, if any, to which a 
truly random assortment of genes is being: 
delayed by culturally determined mating! 
preferences. | 


Analysis if 
By age ] 

Tables III, IV, V and VI contrast the 
phenotypic and gene-frequencies, in the 
various blood-type series, of the young 
as contrasted to the older individuals.) 
Those who are 15 years old or younger are 
considered to represent the coming gen4 
eration, which has not yet started to re-| 
produce. Those who are 16 or older are 
treated as the present reproducing genera-| 
tion, since the youngest mother in the 
sample had given birth to her first baby ati 
that age. 

The contrast between the generations ir 
the ABO locus is striking. Despite the fact) 
that both old and young contain all the 
possible phenotypes, the inferred gene-fre- 
quency for A: is three times as great, and 
that for A: has increased by six-sevenths 
in the younger as contrasted to the adult 
generation. The probability of such a dif? 
ference being due to chance alone hag: 
been calculated by Chi-square, and it is: 
found that such a result might be ex: 
pected in less than 1% of cases: there is 
no question of its statistical significance: 
What it signifies we can readily discover 
by examining the geneologies, which indi 
cate the derivation of the increase in A 
and A: from such places as India, New 
Mexico and Ireland, among others. That 
mixture with outsiders had already pro; 
duced a genetic effect upon the older gen- 
eration, however, is demonstrated by the 
fact that one individual of type AB is 4 
years old. 

There would seem to have been little if 
any shift in gene-frequencies between the 
generations in the MN series. The rise from 
36 to 41% in the allele N is not significant 
when tested by Chi-square. The deficienc 
of heterozygotes mentioned earlier is con- 
centrated in the younger generation; andj 
among these children the difference from 
expectation reaches the 0.04 probabilit 
level, which may be regarded as signifi- 
cant, and which is certainly puzzling. In- 
asmuch as most American Indians series: 
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TABLE 3 


Blood-group frequencies at the ABO locus, for older and younger generations of Indians 
on the Hupa Reservation 


SKK 


Phenotype distribution 


Gene-frequencies 


Ai Ao B 


Younger generation 61 5 19 
Older generation 14 2 7 


AiB Oo Ai As B 0) 


0.03 
0.01 


0.04 
0.04 


0.80 
0.88 


TABLE 4 


Blood-type frequencies at the MN locus, for older and younger generations of Indians 
on the Hupa Reservation 


Phenotype distribution 


Gene-frequencies 


M MN N M N 
Younger generation 89 95 47 0.59 0.41 
Older generation 43 50 14 0.64 0.36 
TABLE 5 


Blood-type frequencies at the RH locus, for older and younger generations of Indians 
on the Hupa Reservation 


Phenotype distribution 


CDE CcDE cDE CcDe CDe cDe cde CcDEe cDEe 
Younger generation 23 57 36 41 62 3 5 1 i 
Older generation 5 19 21 33 13 — fe} id i 
Gene frequencies 
CDE cDE CDe cDe cde 
Younger generation 0.06 0.23 0.52 0.04 0.15 
TABLE 6 


Blood-type frequencies at the Duffy locus, for older and younger generations of Indians 
on the Hupa Reservation 


Phenotype distribution 


Fy(a+) 
Younger generation 149 
Older generation 61 


have a much greater frequency of M than 
| do Europeans, a greater difference be- 
i} tween the generations might also have 
been expected. 

Phenotypic frequencies in the RH series 
among the older generation differ con- 
siderably from those of the younger gen- 
'eration. One reason for this is that very 
‘few samples of children’s blood were 
tested with anti-e serum, which was not 
available until most of the laboratory 
work had been done. Taking due account 
of this fact, however, the increase in fre- 
quency of CDe with time is notable. The 


Gene-frequencies 


Fy(a—) Fya Fy 
29 0.59 0.41 
11 OG 0.39 


difference between the older and younger 
groups, as tested by Chi-square, is signifi- 
cant to about the 0.001 probability level, 
and thus calls for closer examination so 
that it may be explained. The phenotypes 
CDE and cde show no shift in frequency, 
but cDE is apparently being replaced by 
CDe, and the heterozygous phenotype 
CcDe revealed by testing with anti-c serum 
is far more common in the older than the 
younger generation. As in the MN series, 
the younger generation reveals a deficiency 
of demonstrable heterozygotes, but the de- 
viation from genetic equilibrium is only to 


146 


an extent which might be expected in 
one-third of all such cases, and is there- 
fore not statistically significant. In con- 
trast, the older generation is clearly not a 
breeding population in the proper sense: 
gene frequencies can only be approxi- 
mated, not accurately calculated. No such 
approximations have a degree of probabil- 
ity as great as one in a thousand. This can 
however, be readily explained by the fact 
that the older generation includes most of 
the non-California Indians in the sample. 
Within such a diverse group, there is no 
reason to expect genetic equilibrium to 
exist. The speed with which a balance is 
being approached by the next generation 
is an interesting demonstration of the 
Hardy-Weinberg law coming into opera- 
tion. 

In the Duffy series there appears to be 
no shift in frequencies from one genera- 
tion to the next, and therefore no indica- 
tion from this analysis that the rather high 
percentage of the negative gene is due to 
the extent of non-Indian intermixture. 


By degree of Indian ancestry 


As might be expected, there is some as- 
sociation between age and degree of 
Indian Ancestry alleged. The mean age of 
the “pure” Indians is 27.8 years; of those 
who are more than half Indian 14.3 years; 


TABLE 7 


Blood-type frequencies, for persons of various degrees of Indian ancestry 
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of those who are half-Indians 20.4; and | 
of those who are less than half Indian it is | 
13.1. Nevertheless, a comparison between | 
these various groups is of interest, and 
should assist in elucidating the sources of | 
change in gene-frequency which are ap- | 
parent among the people of the Hupa| 
reservation. An examination of table VII | 
shows a number of interesting differences | 
between these sub-groups of the popula- | 
tion. Gene-frequencies are not stated be- | 
cause none of these sub-groups may be re- | 
garded as a valid genetic isolate. All of} 
the individuals alleged to be “pure” Indians; 
are either Hupa or Hupa-Yurok in an-| 
cestry. It is notable that the blood-types) 
A. B, R°® and r do not exist in the crouny 


present; that O and Duffy positives are! 
overwhelmingly preponderant; and that R?4 
is more common than R*'. The MN fre-j 
quencies, however, are similar to those of! 
the total group. 

Individuals who are more than halff 
Indian, but with some non-Indian ancestry) 
acknowledged, number 83. Most of them) 
are, so far as the records show, Hupa, butt 
at least 10% claim Yurok ancestry as well,| 
and Mexican and Sioux are also men-} 
tioned. It may be presumed that most off 
the other non-Hupa ancestry is Caucasian.) 
but it is doubtful that all of such ancest 


Phenotypic percentages 


“Pure’ More th 
Indian half Indian Poem hel aon 
Ay 0.16 0.15 0.14 0.37 
Ao — 0.02 0.01 0.04 
B — O12 0.06 0.07 
AiB 0.01 0.01 0.01 
O 0.84 0.69 0.78 0.51 
M 0.36 0.47 0.34 0.38 
MN 0.36 0.43 0.45 0.44 
N 0.28 0.10 0.21 0.18 
CDE 0.06 0.12 0.08 0.06 
CcDE 0.36 O23 0.20 0.20 
cDE 0.30 0.14 0.20 0.13 
CcDe 0.06 0.16 0.25 0.28 
CDe 0.16 0.26 0.16 O27 
cDe —_ 0.01 0.02 — 
cde — 0.01 0.04 0.02 
CcDEe 0.03 0.04 0.03 0.01 
cDEe 0.03 0.03 0.02 0.03 
Fy(a+) 0.95 0.84 0.87 0.76 
Fy(a—) 0.05 0.16 0.13 0.24 
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is. The alleles B and A: are both present 
} in this sub-series. Seven of the 10 B 
phenotypes are concentrated in two sib- 
| ships. The frequency of O has dropped 
' considerably, and so has that of N, as 
't contrasted to the “pure” Indians, the lat- 
ter to a degree which closely approaches 
| the 0.05 probability level, as tested by Chi- 
square, despite the small sizes of the two 
series. In the RH series, R* has replaced 
R* as the more common phenotype to a 
} striking degree, nor is this to be accounted 
for by concentration in certain sibships. 
' Both R® and r appear in this group, but it 
' may be noted that none of the parents of 
‘ either are listed as “pure” Indians. The 
frequency of Duffy negative is the same 
/ as for the entire sample drawn from the 
'' Hupa reservation. 

Most of the Karok and nearly half of 
the Yurok are listed among those who are 
half Indian in ancestry, and so are a few 
individuals of tribally mixed ancestry. By 
far the greater number, however, are said 
if to be half-Hupa. There are 131 persons 
l) in this category, and in a large number 

| of cases they are F: hybrids between Hupa 
! and Caucasian. The extent to which ran- 


if dom fluctuation of gene-frequencies exists, 


among populations undergoing admixture, 
| is illustrated by contrasting this group 
with the previous two. In most respects 
it is intermediate between the “pure” 
| Indian group and that composed of per- 
/ sons who are more than half Indian. In- 
deed, the percentage of blood-type A: is 
| less, even, than among the “pure” Indians. 
| The MN series approximates the frequen- 
‘| cies of the “pure” group, while the Duffy 
+ series resembles more closely the percent- 
| ages found among those who were more 
| than half Indian. Insofar as RH types are 
+ concerned, the alleles for R* and R’ may 
| be inferred to exist with almost equal fre- 
| quency. However, the percentage of RH 
{ negatives is very considerably higher. In 
| this respect, and possibly with respect to 
| Duffy negative phenotypes, the group al- 
} leged to be half Indian resembles Caucas- 
ian frequencies to a greater extent than 
would a combination of the “pure” with the 
more-than-half Indian group. The ac- 
#' curacy of the classification by degree of 
| Indian ancestry under the circumstances, 
would appear open to doubt: quite pos- 
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sibly some of those classified as more-than- 
half Indian are really nothing of the sort. 
As time goes on, not only have opportuni- 
ties for miscegenation accumulated, but 
instances thereof in one’s ancestry may be 
forgotten, and the average age of the 
more-than-half Indian group is very young. 

These individuals classified as less than 
half Indian number 110. In contrast to the 
groups which are not “pure” Indian but 
are at least one half Indian in ancestry, 
they may be seen to possess a very much 
higher frequency of blood type A:, a con- 
siderably higher frequency of As, but no 
greater frequency of B. The MN frequen- 
cies remain essentially unchanged, but the 
percentage of Duffy negative blood types 
show a sharp rise. In the RH series, there 
are a number of changes: the phenotypes 
R’ and r are found less frequently, and R’° 
does not appear at all; R’ decreases in per- 
centage somewhat, while R* increases con- 
siderably. In general, the phenotypes to 
be expected from European ancestry be- 
come distinctly more common. This fact 
is reémphasized by comparison of this last 
group to those who are alleged to be of 
purely Indian ancestry. The evidence 
would certainly indicate that the alleles Az, 
B, and r were not aboriginal, and that the 
frequency of O, Fy’, R* and R’ was very 
much higher in aboringinal times, in this 
part of California, than among Europeans. 
There does not appear to have been much 
difference between Europeans and the 
Hupa in relative frequency of M and N, 
and R° may well have been an aboriginal 
gene, although a rare one, as in Europe. 


By tribal affiliation 

Since by no means all of the Indian an- 
cestry in this population is Hupa, some 
analysis on the basis of tribal affiliation is 
also required for a full understanding of 
the dynamics of gene-flow on the reserva- 
tion. Data from each of the non-Hupa 
tribes is, however, so scanty that presenta- 
tion in tabular form is not attempted. 

Among those who are either “pure” or 
more than half Indian in ancestry, those 
who are more than half-Hupa number 89. 
They do not appear to differ from the re- 
mainder of the group in the frequency of 
the various alleles in ABO series, nor in 
the Duffy blood-types either. The Hupa 
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have, however, a very much higher fre- 
quency of M than do the non-Hupa, and 
a Chi-square test shows that such a dif- 
ference could be expected in much less 
than one case out of a hundred. The al- 
lele N is apparently concentrated among 
the Yurok. The number of Yurok is, how- 
ever, too small to permit statistical valida- 
tion of the significance of these data. In 
the RH series, the more-than-half Hupa 
cannot be distinguished from the other 
more-than-half Indians as a group. 

Those who are half-Hupa, among those 
who are half-Indian in ancestry, also num- 
ber 89. They resemble those who are 
more than half-Indians, in the ABO and 
Duffy series of blood-types, having a high 
gene-frequency of O and of Fy’. The per- 
centage of N among them, however, is 
sharply increased, which is not the case 
among the other half-Indians, as con- 
trasted to the group with a greater amount 
of Indian ancestry. The Yurok, however, 
continue to be the tribe with the highest 
frequency of N, and also show a high per- 
centage of Duffy negatives. In the RH 
series, the half-Hupa cannot be distin- 
guished from the other half-Indians as a 
group. 

Among those who are less than half- 
Indian, the differences between Hupa and 
non-Hupa become quite insignificant in all 
the series of blood-types tested. Indeed, 
in this group one finds an exceptionally 
high number of individuals who are of 
tribally mixed ancestry, so that the fact 
that tribal distinctions in gene-frequencies 
are reaching the vanishing point is only to 
be expected. Comparison of the various 
tribes has not revealed any notable dif- 
ference between the Hupa and the others, 
save for the possibility of a higher aborig- 
inal gene-frequency for N and for Duffy 
negatives among the Yurok. 


DISCUSSION 


The three types of analysis undertaken 
demonstrate clearly that some new alleles 
have, within the last few generations, been 
introduced into the aboriginal population 
of northwestern California, and that some 
others, already present in small quantity, 
have altered in incidence to a considerable 
extent, but that the alleles at the MN locus 
show no signs of change in relative fre- 
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quency. It has not been possible to 
demonstrate that the changes which are : 
taking place are due to intertribal matings. | 
The younger generation appears to differ | 
from the older to about the same extent | 
that the more mixed differ from the less | 
mixed at the RH locus but the effects of | 
alleged degree of intermixture appear to > 
count for most at the ABO and at the 
Duffy loci. The younger generation, fur- | 
thermore, shows a slight deficiency in| 
such heterozygous phenotypes as could 
be demonstrated by the sera available. 
Studies of Sioux (Snyder, ’26; Matson, | 
’°41), Chippewa (Matson, 54), and Chero- 
kee (Pollitzer, personal communication ) 
blood-type frequencies would have led 
to the expectation that intermixture of 
these tribes with the Hupa should result 
in alteration of blood-type frequencies, if 
our small group of “pure” Indians are in-_ 
deed representative of their ancestral 
stock, since they differ markdly from the 
Hupa at the MN, RH and Duffy loci, al- 
though not at the ABO. However, the 
specific individuals from these tribes who 
came to live among the Hupa do not, in 
fact, form a representative sample: all of | 
them, without exception, were of mixed 
ancestry in any case. It is well to remem- 
ber that when a relatively small number 
of individuals from one population are 
selected at random, they may not be re- 
presentative: the specific Caucasians who 
have intermarried among the Hupa may 
not be, either. Indeed, a number of the 
geneologies show this to be the case. 
Furthermore, some kindreds, at any 
given period of time, will be much more 
numerous than others. Among the oldest 
individuals who were typed, some have no 
living grandchildren at all, but one pair) 
have 8 children living, of whom two were 
typed; 7 of these children have produced 
at least 29 members of the third genera- 
tion of whom 20 were typed. Thus, even. 
with intermixture at a minimum, shifts. 
in allelic frequency may readily occur be-: 
cause of differential fertility, or on the 
other hand, the anticipated effects of in-. 
termixture may be counteracted by the: 
greater fecundity of unaffected family’ 
lines. In the particular prolific family just: 
mentioned, marriage outside the group) 
would appear to be the rule: Grandfather ' 


is half Welsh and half Karok, Grand- 
‘mother half-Hupa. One of their offspring 
married a Sioux, another a Mexican, a 
third a Hindu, a fourth a Portuguese, a 
jfifth a Yurok, and a sixth a Caucasian. 
)None of the grandchildren had started to 
/reproduce at the time of the survey. 

In fact, an examination of the various 
Kindreds included in the sample makes 
jit clear that the more prolific tend almost 
| always to be those among whom inter- 

tribal if not inter-racial marriages are 
very frequent. Nine sibships of school- 
‘ichildren alleged to be pure Indian contain 
only 21 individuals, of whom 16 were 
typed. Thus the two forces which might 
ibe expected to lead to a shift in allelic fre- 
quencies, drift and miscegenation, appear 
to be acting in unison on the Hupa Reser- 
ation, rather than counteracting one an- 
lother, at least during the present genera- 
tion. We have no evidence, of course, 
hich would enable us to state that this 
‘twas so during the last century. 

_ Nor do we know for how long a period 
the Hupa have been exchanging genes 
ith their neighbors, the Yurok and 


‘ages between these groups have, accord- 
ng to the data collected in connection 
‘with the blood-typing survey, been not at 


site 


night lead to such an association, even al- 
though the individuals concerned were 
aware of the existence of blood types, 
ander certain circumstances. Thus the 
ele R° has no greater incidence among 
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United States Caucasians than among 
European Caucasians, although the geo- 
graphic propinquity of potential mates 
with type R° is very much greater in the 
United States. The same is true of the 
gene for sickle-cell; and there is in con- 
sequence, in the United States, a correla- 
tion between R° and sickle-cell despite 
their lack of linkage. With the thought 
that this might be true on the Hupa reser- 
vation, and the “pure” Hupa might prefer 
other “pure” Hupa as spouses, while near- 
Caucasians might prefer near-Caucasians, 
the extent of association between blood- 
type O and M, between O and Duffy posi- 
tive, and between O and several pheno- 
types of the RH series was studied. The 
results, as tested by Chi-square, were com- 
pletely negative except in the case of 
Duffy, in which the deviation from expec- 
tation reaches the 0.04 level of probability. 
An inspection of the data showed that of 
the 28 individuals tested for Duffy who 
have phenotypes Az, B, or AB, 10 were 
Duffy negative. It seems reasonably clear 
that these two separate genetic items have 
to some extent been introduced jointly, 
and have not yet had time to become 
disassociated through mating which is 
random for these factors. It was also 
found that the Duffy negative phenotype 
is associated with the phenotype N, the 
deviation from expectation, on the assump- 
tion of random assortment, reaching the 
0.05 level of probability. There is, how- 
ever, no association between N on the one 
hand, and Az, B or AB on the other. This 
seems to be due to the high frequency of 
both N, and Duffy negative in the small 
series of Yurok, and leads to the conclu- 
sion that the latter allele has been enter- 
ing the Hupa gene-pool from two sources: 
their long-time neighbors the Yurok, and 
individuals of transatlantic ancestry. 

No associations could be established be- 
tween relative allele frequencies in the 
RH series, and either Duffy or MN. Thus, 
preferential mating of a sort which might 
affect the distribution of blood-types 
among the Indians on the Hupa reserva- 
tion has clearly been minimal, and it 
should be safe to predict that within an- 
other generation the association between 
Duffy negative on the one hand, and A: 
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B, AB and N on the other hand, will have 
vanished also. 

It will be recalled that there is a slight 
deficiency in observable heterozygotes 
among the younger generation, at all three 
loci where this could be tested. Only in 
the case of MN did this deviation ap- 
proach the point of statistical significance, 
but it is remarkable that the deviation 
from the expectation of genetic equili- 
brium is in the same direction in all three 
cases. No such situation exists in any of 
the groups having varying degrees of 
Indian ancestry, nor are any of these de- 
ficiencies concentrated in any one tribe 
which is contributing to the gene-pool. It 
appears to be purely a matter of age, and 
no explanation is attempted. 

In attempting to reconstruct aboriginal 
gene-frequencies for the Hupa, Yurok and 
Karok, certain cautions must be observed. 
The genetic contributions of other Indians, 
as well as of individuals from overseas, 
must be excluded. Fortunately, age 
trends agree with the trends observed in 
comparing groups of varied degrees of 
Indian ancestry, and fortunately too, all 
who are alleged to be “pure” Indian are 
either Hupa, Yurok, or mixture between 
the two. The effects of differential fertil- 
ity in different kindreds cannot be calcu- 
lated, but it must be recognized that, in 
aboriginal days as well as now, some in- 
dividuals would have left more offspring 
than did others. Gene frequencies may 
well have fluctuated back and forth from 
generation to generation; or, in a breed- 
ing population of such restricted size, have 
drifted constantly in a single direction. 

With these cautions taken into account, 
it is still possible to say that, in aboriginal 
times, the alleles Ax, B and r were not to 
be found among the Hupa, Yurok and 
Karok; that Ai was rare; that N and Fy? 
were in a distinct minority—although per- 
haps a larger minority among the Yurok— 
that R’ certainly, and R° quite probably did 
exist, and that R’ was probably at least as 
frequent an allele as R', and perhaps even 
more frequent. 

No information is available concerning 
the serology of any tribe of Indians living 
nearby. Athapaskan-speaking peoples have 
been typed, however, both in Canada and 
in the Southwest (Grant, ’36, ’38; Allen, 
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°35; Chown, ’54, ’55; Boyd, 49; Ikin, ’52! 
Kraus, 56; Brown, 58). A variety of tribes: 
living in Washington and British Columbie: 
have also been studied (Chown, ’52; Hulse} 
55, 58; Gates, 32; Ride, ’35). Comparii 
son with other Athapaskan tribes shows| 
that the Hupa have a greater incidence oj) 
blood-group O than any other people of iy 


of the Hupa. Rather, in their very low in} 
cidence of A, the Hupa-Yurok-Karok grouy 
resemble such other Pacific Coast peopl¢ 
as the Nootka and Coast Salish to thé 
north and the Diegeno in Southern Cali 
fornia (Pantin, 53). The high incidences 
of R’, and the existence of R’ are othe} 
points of similarity between these Indiany 
of northwestern California and the In 
dians several hundred miles further nort]| 
along the coast (Hulse, 55, 57; Mourant 
54). The allele R* appears to be found 
among all other Athapaskan tribes so faz 
published, except for the Sarcee (Chown 
755), in frequency close to that estimatee 
for the Hupa. The allele R’, however, i 
rarely found to be as frequent as R*. Ex 
cept for some of the Indian tribes ii 
British Columbia and Washington, th§ 
Chippewa (Maston, *53) and the Carrie 
(Chown, 754) appear to be the only othe 
tribes yet published of whom this is true 
although in most American Indian tribe 
this allele has a much higher incidena 
than elsewhere in the world. The sum 
pected presence of R° is reminiscent ¢ 
other Athapaskan groups, since it has beed 
determined by test, or genetically inferre 
for the Apache (Kraus, ’56), the Nava; 
(Boyd, °49; Ikin, 52), and the Sarce 
(Chown, 55), In all cases, including tH 
present, the strong possibility of its intrd 
duction by means of admixture with A 
ricans cannot be ruled out. Until recentl! 
it was the opinion of the author that th 
presence of this gene could always If 
taken as an indication of African admiif 
ture, but in fact it does appear more f 
quently among Athapaskans than amon 
other tribes, and is found also in # 
plateau area which separates the Pacif 
Coast Athapaskans from their Canadiag 
cousins (Hulse, ’57). 


‘§ degree of intertribal variation. 


BLOOD-TYPE FREQUENCIES OF THE HUPA 


In the MN locus, there is the possibility 
: that the Yurok and the Hupa differed in 
iy aboriginal times. In any case, the inci- 
) dence of the allele N is remarkably high 
‘for an American Indian group; indeed 
{only a few Arizona populations (Brown 
ket al., 58) approach them in this char- 
# acteristic, although there is a considerable 
At the 
Duffy locus, too, the Indians of north- 
ly western California appear to be rather 
distinctive, and in this case also one may 
| Suspect that the Yurok rather than the 
¢ Hupa are responsible. The allele Fy” has 
'@ been inferred to exist in relatively high 
ii frequency among the Yakima (Hulse, 
4 57), the Diegeno (Pantin and Kallsen, 
§ 53), the Stoney (Chown, ’55), and the 
| Cherokee (Pollitzer, 59), and in extra- 
ordinarily high frequency among the 
Pima, Mescalero (Brown et al., 58), and 
| Brazilians (Pantin and Junqueira, ’52). 
' Aside from this remarkably scattered 
i} group, American Indian tribes appear to 
m have a low incidence of this allele. The 
| significance if any, of the geographical 
‘| distribution of these exceptions from the 
; general rule of low incidence for N and 
Fy’ among American Indians remains 
| obscure, at least to the author. 
Certainly one cannot maintain that the 
Hupa resemble, ‘in their blood-type fre- 
quencies, the other Athapaskans. Both 
the author (Hulse, °57) and _ others 
(Brown et al., 58) have suggested that 
Athapaskans, who have typically been or- 
ganized in simple bands, living a hunting- 
) fishing-gathering life, and who are gen- 
@ erally supposed to have been the most 
| recent pre-Columbian migrants into the 
New World, appear to be genetically dis- 
tinct from their neighbors at the various 
blood-type loci. Lacking adequate samples 
of neighboring tribes in northwestern Cali- 
fornia, we cannot test this proposition for 
the Hupa. Since, however, they diverge 
so sharply from other Athapaskans, and 
resemble, rather, other Pacific Coastal 
peoples, it would seem unlikely that they 
” could be fitted into any such scheme. 
i} Rather, one suspects, the influence of 
Northwest Coast culture, even in its at- 
tenuated form, led to such extensive and 
long continued intermarriage that the 
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original Hupa gene-pool merged into an- 
other, larger one long ago. 

Today, the same sort of process is be- 
ing repeated on a larger scale. Under 
the impact of Western or European cul- 
ture, the Indians of Northwestern Cali- 
fornia are selecting their spouses for new 
reasons, and from a much wider range 
of populations. Indians of other tribes 
are engaged in European style occupa- 
tions, such as lumberjack and paper mill 
worker, which lead them to settle in the 
Hupa reservation. New genes flow in 
from all directions, setting up ripples in 
a gene pool which had previously been 
calm. It may be that equilibrium will be 
regained in the next generation. There 
is no evidence to suggest that the infusion 
of new alleles is about to cease, however, 
so that we might be wiser to suspect that 
the calm equilibrium of this gene pool 
is a thing of the past, and that the rip- 
pling will continue. 
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Chicago, Illinois 


During the third session, “Man as an 
j~rganism,” of the recent (November, 
#2959) Darwin Centennial Celebration at 
(he University of Chicago, the old ques- 
fon again arose as to whether this or 
hat hominid represented by a fragmented 
‘ossil skull, had the habit of speech.’ 
dr. L. S. B. Leakey spoke of speech and 
wstralopithecines deciding that, when he 
tould find no evidence of scars for the 
attachment of tongue muscles on a fossil 
jaw (genial tubercles, ie., spinae men- 
ales), the beast could not speak. 

This notion is found written explicitly 
yy von Koenigswald in “Meeting Prehis- 
foric Man” (56, p. 112). But even fur- 
ther, von Koenigswald has specifically tied 
}wo separate ideas together; speech as de- 
ermined by the presence of genial tuber- 
ples (he called them “indispensable”), 
‘with speech as determined by the presence 
wf a “speech center” in the inferior frontal 
ponvolution of the brain (Broca’s area). 
He wrote of a jaw fragment with the 
symphysis missing: “we must assume the 
fubercle’s existence—a fair development 
% the speech centre, which is localized 
n the third left frontal convolution, is 
plearly visible in the brain-cast” (italics 
‘purs ). 
| Von Koenigswald (in personal corre- 
$pondence with Reed) based his state- 
‘ments on Hooton, “Up from the Ape” (46, 
>. 169). “These spines of bones are called 
he genial tubercles and are found only 
‘n man. The presence of well-developed 
benial tubercles is the surest anatomical 
pvidence of articulate speech that the 
ibkeleton affords.” However, in the next 
fentence Hooton continued, “But a poor 
Hevelopment of these bony spines to which 
he tongue muscles are attached is no 
evidence at all that the possessor is or 
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was unable to speak.” He goes on to say 
that he “. . . has examined hundreds of 
human mandibles in which the genial tu- 
bercles are very small and not a few in 
which they were absent; but probably 
none of the original owners of these jaws 
was dumb, and many of them may have 
been extremely loquacious,” (again italics 
ours). Even as far back as 1915, Thom- 
son had shown conclusively that these 
tubercles are “frequently absent” in nor- 
mal modern jaws. 

In the same session (Man as an Or- 
ganism) when the question of brain struc- 
ture and speech arose, Dr. B. Rensch said 
that language depends on an area in the 
frontal lobes. Referring to the fossils, he 
said that this area was pre-adapted to 
become a “speech center” and that it had 
been enlarged by quantitative steps of mu- 
tation. He added casually that everybody 
knows what is meant by the “speech cen- 
ter.” But we think some of us do not. 

The problem of brain capabilities as 
determined from endocranial casts of fos- 
sils is as old as is the business of bony 
bumps on the jaw. It has been assumed 
by many paleoanthropologists that the 
presence of “Broca’s area” demonstrates 
the possession of speech. In 1946 (p.253) 
Schepers wrote of the endocranial casts 
of australopithecines: “Broca’s area has 
been differentiated in man as the primary 
motoric speech area. . But the immedi- 
ately adjacent cortices in the orbital in- 
sular operculum probably control the asso- 
ciated secondary mechanisms to a certain 
extent. These areas are present in our 


1 By speech we mean the special mode of oral 
communication used by man. “The physical 
event of speech is a pulse of discrete, vibrating, 
jointed segments of air” (DuBrul, 58) that con- 
veys information. This is not mere vocalization. 
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fossil endocranial casts.” Although Schep- 
ers seemed aware that less immediate as- 
sociations are implicated, he could still 
conclude: “The least we can say, there- 
fore, is that these fossil types . . . were 
also capable of communicating the ac- 
quired information to their families, 
friends and neighbors, thus establishing 
one of the first bonds of man’s complex 
social life.” 

| Now, part of the misunderstanding may 
come from speaking of endocranial casts 
as “brain casts.” Again as early as 1915, 
Symington questioned the reliability of 
casts in determining even the grossest of 
cortical morphology. He studied the endo- 
cranial casts of 10 skulls whose brains 
he had preserved, noting that “In no single 
instance do these fissures correspond to 
definite depressions indicating their posi- 
tion, and very frequently, in various parts 
of their course, they lie over eminences 
of the cast (again italics ours). His un- 
equivocal conclusions are: 

“1. That the simplicity or complexity 
of the cerebral fissures and convolutions 
cannot be determined with any degree of 
accuracy from endocranial casts, even on 
complete skulls, much less on reconstruc- 
tions from imperfect skulls. 

2. That it is not possible to estimate, 
even approximately, from the La Chapelle 
or Piltdown endocranial cast, the relative 
degree of development of the various sen- 
sory and association centres in the cortex. 

3. That the various deductions made 
by Boule, Anthony, Elliot Smith, and 
others, with reference to the primitive and 
simian features of the brains of certain 
prehistoric men, from an examination of 
their endocranial casts, are highly specu- 
lative and fallacious.” 

At last the Piltdown skull can be put 
to good use for one can no longer doubt 
the above conclusions after reading the 
spate of speculation on its “primitive” fea- 
tures that came from taking its “brain 
casts” too seriously. 

But right to the point is the story of 
“Broca’s area” itself. In 1861 Paris was 
the center of neurology and anthropology. 
Several distinguished figures of the time 
played active parts in our play. Paul 
Broca was 37. He was secretary of the 
Societé d’Anthropologie which he had 
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founded and which was the first Anthro 
pological Society in Europe. He was o} 
the surgical service of the Bicétre but wai 
not yet professor. Charcot, the famo 
teacher of Freud, was about a yea 
younger than Broca. He had a service 4 
the Salpétriére, the insane asylum q 
Paris. Bouillaud was professor of med} 
cine at the Charité and had several time} 
been dean of the faculty. He was 6% 
the recipient of many honors and perhap 
the most influential physician on t 
scene. Furthermore, the general influenc} 
of Franz Joseph Gall on neurology wa 
still considerable, even though his phreng| 
logical “system” had been mostly dii 
carded. Especially was the elderly Bout 
laud saturated with Gall’s scheme of dij 
crete localization of function—vide th 
title of his much cited paper of 1825 
“Clinical researches calculated to demon 
strate that the loss of speech is associate 
with a lesion of the anterior lobes of th 
brain, and to confirm the opinion of Mor 
sieur Gall on the seat of the organ « 
articulate language” (authors’ transli 
tion ). 

At a meeting of the anthropologic: 
society on April 4, 1861, a heated discu: 
sion of these concepts arose. Aubertin, | 
member of Bouillaud’s staff, felt so certai 
of the position of Gall (and his own chief: 
that he announced that if he could H 
shown but a single case in which a p) 
tient had lost the ability to speak and ij 
which no lesion could be demonstrate 
in the frontal cerebral lobes, he woul 
willingly discard these notions. Broca wé: 
a highly interested, but apparently ner 
tral, member at the meeting. 

Less than a week later, April 11, a ver 
sick 50-year-old aphasic patient was a: 
mitted to Broca’s service at the Bicétri 
Broca immediately invited Aubertin 
examine the patient so that he could di 
cide if this would be an acceptable te: 
case. Aubertin agreed that it was quii 
satisfactory. On April 17, the patient (L 
borgne) died. The next day, April 1 
Broca presented the brain to the anthrop 
logical society. A lesion of the inferis 
frontal convolution on the left side wi 
clearly visible. Although other lesic# 
were present Broca decided, on what a: 
peared good grounds, that the critical j 


‘Mion was that of the frontal lobe. From 
‘the case history, he concluded that the 
‘Idest part of the lesion was correlated 
with the time of onset of aphasia. After 
‘a second such autopsy (case of Lelong), 
@3roca came to the conclusion that the| 
Yeft inferior frontal convolution was the | 
‘eenter of speech.” This was published 
in November 1861 in the Bulletins de la 
‘Société Anatomique. 

But the true climax came 45 years late. 
Pierre Marie, who had served his intern- 


Naighly interested in the problem of apha- 
lNSia and, on the basis of observations on 
about a hundred patients followed up by 
Nsome fifty autopsies, he reviewed the 
problem of the localization of speech. 
ortunately, he found the brains of 
iBroca’s two cases in the Musée Dupuy- 


In an article in 1906 he reported that, 
the first case, only the posterior half 
of “Broca’s area” showed “softening,” but 


4softening at the level of the posterior ex- 
emity of the fissure of Sylvius around 
hich the lesion turns. The supramar- 
ginal gyrus is destroyed to a notable ex- 
tent” (authors’ free translation). The 
second case, Marie felt was probably not 
#even a true aphasic. He thought that the 
itpatient might merely be senile at the age 
fof 84. Not only were the lesions in this 
jicase inconclusive—the general changes 
#iof senility—but Marie stated that the 
itclinical histories in both cases were second 
\Jhand. Neither patient was in quite the 
condition to answer questions sensibly. 

Marie respectfully honored his old 
siteacher, pointing out that the conceptual- 
dmilieu of Broca’s time might be expected 
ito generate such conclusions.’ In the 
same paper he quoted Broca’s own doubts 
tas influenced by observations of Charcot. 
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“I have been able to ask myself if the 
seat of the faculty of articulate language, 
instead of being localized exclusively in 
the posterior part of the third frontal con- 
volution, does not also extend to the ex- 
ternal parietal convolution” (these italics 
are Marie’s). 

It seems anticlimatic to cite the results 
of mapping speech with modern neuro- 
surgical techniques (Penfield and Rob- 
erts, 59). The speech “areas” evident 
from electrical stimulation include, for 
the inferior frontal convolution, only its 
middle third, but further include an area 
on the superior and medial side of the 
cerebral hemisphere just anterior to the 
precentral gyrus (which endocranial casts 
cannot even reach), the supramarginal 
gyrus of the parietal lobe, the posterior 
third of the superior temporal gyrus, the 
posterior half of the middle temporal 
gyrus, and even the upper part of the 
posterior half of the inferior temporal _ 
gyrus. This is the mapping of the dom- | 
inant, usually left, hemisphere but func- 
tion in part may be taken over by the 
other hemisphere in case of damage to 
the dominant side. 

Then, not only are endocranial casts 
not reliable replicas of brainy bulges, but 
surface contours, even if they could be 
reproduced, would not tell us what some 
students of human evolution have thought 
they did. And, although these erroneous 
ideas about jaws and brains have been 
pointed out from time to time by writers 
not all cited here, we are not merely 
flogging a dead horse. Apparently he is 
still kicking about in scientific conversa- 
tion, in the literature, and in men’s 
minds—we still see on pages 137 and 251 
of Boule and Vallois’ “Fossil Men” (757) 
that the swelling of “Broca’s convolution” 
indicating the probability of speech, seems 
an idea acceptable to them. 


2Here it seems necessary to comment on a 
recent reference to this matter. On page 8 of 
“The Cerebral Cortex” (G. von Bonin, ’50), it 
is said that Broca’s specimens were “not even 
stripped of their membranes.” We could not 
find any statement of Marie to this effect. The 
only mention of the matter states that the brains 
could be completely studied “car aucun section 
n’a été pratiquée dans leur épaisseur” which 
we translate freely as “for no dissection in their 
depth (thickness) was made.” 


‘ 
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We hope that part of the value of this 
note is in the telling of the story all in 
one piece and as a reminder that there 
remain always, traditional influences— 
such as harrassed so brilliant a scientist 
as Broca—to befog crucial issues. 

But speech does require peripheral 
transducers; it is too naive to say “it is 

| all in the head” when one means merely 
the cortex. And it does seem perfectly 
sensible to look for structural evidence of 
speech, both in peripheral areas (i.e., the 
throat, mouth, and jaws), and in central 


_ regions (i.e., the brain, by which is meant 


| certainly more than cortex). 

~ Jt has been shown that in peripheral 
areas the jaws have been shrunk in size, 
pulled back and remodelled primarily by 
the over-all mechanical demands of bal- 
ancing the head in the upright posture. 
The formation of the genial tubercles is 
a minor event—a remnant of the scallop- 
ing out of the simian shelf to leave room 
for the anterior organs of the neck 
crowded by the retruded mandible (Du- 
Brul and Sicher, 54). 

Other relations are more crucial for 
speech. All mammals have larynges but, 
in most, the larynx protrudes through a 
“palatal additus” into the back part of 
the nose. Air blown through these rigid 
bony nasal channels cannot be chewed 
up into the articulated (i.e., jointed) seg- 
ments of “articulate speech.” Only those 

| animals whose larynx has completely free 
_ access to a mobile oral space can possibly 
make “speech” sounds—birds and man 
(DuBrul, ’58). Just the fact that the 
larynx has this position does not mean 
that an animal habitually speaks. But it 
does mean that only then is proper sound 
molding possible. 

As for central regions, this must mean 
more than the cortex which seems but to 
sink the old fashioned phrenology a few 
millimeters deeper. Thalamocortical cir- 
cularity is most certainly critical and the 
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linking of all these neural circuits in speé/ 
cial ways with lower order neurons i 
quite an essential part of the pictur 
(DuBrul, in press). | 

Skeletal evidence from fossils is stil 
the most direct and “noiseless” chann« 
of communication from life in the pas} 
It will certainly yield more reliable infoy| 
mation when decoded in the light of fund 
tional comparative anatomy of livin) 
structure. This in turn must feed bac} 
a better grasp on present form and fund 
tion. So, though we may not yet knoy 
skeletal structures that we can surely as 
sociate with speech, it seems quite hope 
ful that they can be derived. 
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Bambandyanalo Hill is situated on the 
western side of the valley and about 500 
tyards south from Mapungubwe Hill in 
{the Transvaal where the Shashi River, that 
/ divides Bechuanaland from Southern Rho- 
tdesia, enters the Limpopo. Mapungubwe, 
the hill of the jackals, will be remembered 
4as the site from which the skeletal remains 


i The report, beautifully pub- 
alished by the Cambridge University Press 
tin 1937 under the editorship of the 
Hlate Professor Leo Fouché, Mapungubwe: 
| Ancient Bantu Civilization on the Limpopo, 
contained a description and analysis of the 
ajskeletal remains by Dr. Alexander Gallo- 
way. In this section of the work Galloway 
‘fconcluded that the skeletal remains had 
‘little, if any, Negro affinities, but presented 
4a combination of two distinct pre-Negro 
physical South African types, Bush and 
®}Boskop. This coriclusion was somewhat 
,| surprising in view of the fact that the cul- 
4jtural remains were unequivocally clearly 
those of a Bantu-speaking people. 
i Captain G. A. Gardner was responsible 
“for the excavation of the site K2 adjoining 
ysBambandyanalo Hill, and the skeletal re- 
gamains of 37 individuals recovered up to 
{1936 by him form the subject of the pres- 
#ent report. Gardner continued his excava- 
{tions for 6 years, up to 1940, and suc- 
jceeded in unearthing 74 more skeletons of 
all ages and both sexes. “The ceremonial 
linterments” he writes, “were totally differ- 


being partly or fully flexed and pottery 
either whole or deliberately broken, placed 
jaround the corpse.” These interesting re- 
marks are complemented by Galloway's 


Book Review 


THE SKELETAL REMAINS OF BAMBANDYANALO. By Alexander Galloway. 
Edited by Phillip V. Tobias, who contributes the Epilogue. Foreword by 
Raymond A. Dart. xxii+ 154 pp. Price £ 2. Witwatersrand University 


finding that there is not a single specif- 
ically Negro feature in any of the skulls 
hitherto recovered at K2, and that “The 
K2 people are thus true representatives of 
a pre-Negro indigenous people, with which 
the Bantu-speaking Negro peoples had 
never hybridized.” Clay figurines found 
at the site of the female form show elon- 
gated labia minora and steatopygia, strong- 
ly suggesting the Bush-Boskop type. Gallo- 
ways careful analysis of the skeletal re- 
mains were those of a Bush-Boskop type— 
essentially the same type as that found at 
Mapungubwe. 

Carbon 14 dates for Bambandyanalo 
(K2) are 1055 a.p. + 65 and for Mapun- 
gubwe 1370 =+ 60. 

Galloway completed the present work in 
1937. To bring it up-to-date Tobias has 
contributed an epilogue “Some Develop- 
ments in South African Physical Anthro- 
pology 1938-1958” (pp. 129-154). In this 
section Tobias places the findings of Gallo- 
way in the context of the discoveries made 
during the 20 years since his work was 
completed. What emerges from this ex- 
tremely interesting epilogue is that the 
Bush-Boskop was widely distributed over 
South Africa, and in many parts of that 
land represents a pre-Negro population. 
Tobias has an excellent discussion of the 
whole “Boskop question,” as it may be 
called, and there are interesting discus- 
sions of neoteny, pedomorphism, geronto- 
morphism, and sexual dimorphism in the 
expression of racial type. Tobias confuses 
sex-influenced traits with sex-limited traits, 
but this is of no great moment, for this is 
a matter upon which many professional 
geneticists are unclear. Altogether, this is 
a most stimulating epilogue to an alto- 
gether most informative and stimulating 


work. 
ASHLEY MoNnTAGU 
Princeton, N. J. 


157 


A Century of Darwin edited by S. A. Bar- 
nett. 1958. $5.75. Harvard Univer- 
sity Press, Cambridge. 


An Introduction to Anthropology by R. L. 
Beals and H. Hoijer. 2nd edition. 1959. 
$6.90. Macmillan Company, New York. 


Principles of Self-Damage by Edmund 
Bergler. $6.00. Philosophical Library, 
New York. 


Tribes of the Sahara by Lloyd C. Briggs. 
1960. $6.00. Harvard University Press, 
Cambridge. 


Contributions to the Physical Anthropology 
of the Soviet Union; Russian Translation 
Series of the Peabody Museum of Ar- 
chaeology and Ethnology by V. V. Bunak, 
G. F. Debets and M. G. Levin. Volume 
1, No. 2. 1960. $4.50. The Peabody 
Museum, Harvard University, Cam- 
bridge. 


Recent Advances in Neuro-Physiological 
Research edited by D. E. Cameron and 
Milton Greenblat. 1959. American 
Psychiatric Association, Washington. 


|The Antecedents of Man by Sir W. E. 
LeGros Clark. 1960 $6.00. Quad- 
rangle, Chicago. 


Soils for the Archaeologist by I. W. Corn- 
} wall. 1958. $7.50. Macmillan Co., 
New York. 


| Dictionary of Education by John Dewey. 
1959. $3.75. Philosophical Library, 
New York. 


|Runes, an Introduction by R. W. V. Elliott. 
1959. $10.00. Philosophical Library, 
New York. 


echerches sur VAnthropologie des Fran- 
caises by Suzanne deFelice. 1958. 
3,000 francs. Masson and Company 
- Paris. 


BOOKS RECEIVED 


A Brief Dictionary of American Supersiti- 
tions by Vergillius Ferm. 1959. 
$6.00. Philosophical Library, New York. 


The Skeletal Remains of Banbandyanalo 
by Alexander Galloway. 1959. Wit- 
watersrand University Press, Johannes- 
burg. 


Anatomy by Ernest Gardner, Donald J. 


Gray and Ronan O’Rahilly. 1960. 
$15.00. Saunders, Philadelphia. 
The Death of Adam by J.C. Green. 1959. 


$4.95. Iowa State College, Ames. 


Nature and Man’s Fate by Garrett Hardin. 
1959. $6.00. Rinehart and Company, 
New York. 


The Anatomy of Callimico Goeldii by W. C. 
Osman Hill. 1959. $2.50. American 
Philosophical Society, Philadelphia. 


Human Evolution: Readings in Physical 
Anthropology edited by N. Korn and 
H. R. Smith. 1959. $5.50. Henry 
Holt and Company, New York. 


A Symposium on the Chemical Basis of 
Development edited by William D. 
McElroy and Bentley Glass. 1958. 
$15.00. The Johns Hopkins Press, Balti- 
more. 


Races and Cultures of India by D. N. 
Majumdar. 1958. 22.50 rupees. Asia 
Publishing House, Bombay. 


Inner Conflict and Defense by Daniel R. 
Miller and Guy E. Swanson. 1960. 
$6.95. Henry Holt and Company, New 
York. 


Evolution and Christian Thought Today 
edited by Russel L. Mixter. 1959. 
$4.50. William B. Eerdmans Publishing 
Company, Grand Rapids. 


Pratique Anthropologique by Georges Oli- 
vier. 32.40 N. francs. 1960. Vigot 
Fréres, Paris. 


159 


160 


Child Development by W. C. Olson. 
Heath and Company, Boston. 


1959. 


Man’s Journey Through Time by L. S. 
Palmer. 1959. Philosophical Library, 
New York. 


Outline of Human Genetics by L. S. Pen- 
rose. 1959. $2.50. Wiley, New York. 


Behavior and Evolution edited by Ann Roe 
and G. G. Simpson. 1958. $10.00. 
Yale University Press, New Haven. 


Anthropologia Helvetica II. Die Anthropo- 
logie der Kantone und der Natiirlichen 
Landschaften. 1959. Art. Institut Or- 
ell Fuss] A/G., Zurich. 


BOOKS RECEIVED | 


| 


Advances in Clinical Chemistry edited byj 
Harry Sobotka and C. P. Stewart. Vol- 
ume I. 1958. $12.00. Academic 
Press, New York. 


Dictionary of the American Indian by John 
Stoutenburgh, Jr. 1960. $10.00. Phil. 
osophical Library, New York. | 


The Birth of Normal Babies by Lyon P: 
Strean. 1958. $3.95. Twayne, New 
York. 


Some Papers on the Cerebral Cortex trans+ 
lated by G. von Bonin. 1960. $11.50) 
Charles C Thomas, Springfield. 


The Dover Mound by W. S. Webb and C; 
E. Snow. 1959. The University 
Kentucky Press, Lexington. 


The cline for the sickle cell gene which 
has been demonstrated in Liberia (Living- 
jptone, 58a) is one of the most striking in 
fjauman genetics. From a high of a gene 
frequency of about 0.10 in northwestern 
Liberia, the frequency falls to essentially 
zero in southeastern Liberia and the adja- 
sent Ivory Coast. During the past four 
years, in conjunction with the survey of 
the distribution of abnormal hemoglobins 
which led to the demonstration of this 
bline, we have tested 2695 West African 
olood samples for various red cell antigens. 
All of the samples were tested with ABO, 
MN, and CDE anti-sera, while smaller 
numbers were tested for the presence of 
the following antigens: A: and A; c, C”, 
Dp, and e; K and k; Fy*; Di*; He; U; P; 
ik?; and Tj*. Determinations of the serum 
jaaptoglobin types were also performed on 
4314 specimens. In addition to the fact that 
these tests are, with the exception of the 
'ABO blood groups, the first to be reported 
for these antigens on the tribes of this part 
bf West Africa and so fill a gap in existing 
Jcnowledge of the blood group gene distri- 
butions, this study has provided an un- 
usual opportunity to test for the occurrence 
n 12 different genetic systems of clines 
jarallel to the sickle cell gene cline. The 
findings to be described are thus thought 
+o further our understanding of the dy- 
fhamics of the sickle cell gene. 


METHODS 


The majority of the blood samples were 
‘bollected in 10 ml “Venules” containing 
oxalate as an anti-coagulant, but 218 speci- 
mens in which the blood was permitted to 
blot were also included in the survey. The 
samples were kept under refrigeration un- 
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til air-shipped in ice-packed thermos jugs 
to the United States. In general the blood 
was typed about one week to 10 days after 
collection, although some shipments were 
typed as late as three weeks after collec- 
tion. 

Procedures at Child Research Center. 
In 1955-56 the samples were tested at the 
Blood Grouping Laboratory of the Child 
Research Center of Michigan. All samples 
were tested once with a commercial anti- 
serum for the presence of the following 
antigens: A and B; C, D, and E; M and N. 
Three per cent cell suspensions were used 
throughout. The A-B determinations were 
slide-typings, agitated for 5 minutes, after 
which the results were read grossly, but 
weak reactions were checked microscopi- 
cally. For the MN determinations, immune 
rabbit sera were used. One drop of anti- 
serum was added to a drop of the cell sus- 
pension in a test tube, and the results read 
with a mirror after 15 minutes at room 
temperature. The Rh determinations in- 
volved one drop of the appropriate anti- 
serum and a like amount of cell suspen- 
sion, incubated at 37° for one hour, then 
centrifuged for one minute at 2500 rpm in 
a clinical centrifuge, and the results read 
grossly with the aid of a concave mirror. 

Procedures at Department of Human 
Genetics. In 1957-58 samples were tested 
at the Department of Human Genetics of 
the University of Michigan by the follow- 
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mission in these studies is gratefully acknowl- 
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ing methods. All typings were performed 
with washed 2% suspensions of red blood 
cells. The routine typing fluids were ob- 
tained from commercial sources, but the 
methods of testing were slightly modified 
from the vendor’s specifications so as to 
standarize the procedures. All tests were 
set up with one drop (approx. 0.05 ml) of 
serum and one drop of red cell suspension. 
Centrifuge readings were taken after spin- 
ning at 2000 rpm for approximately 5 sec- 
conds. The tests for each day included 
positive and negative controls for each 
reagent, with the exception of those rea- 
gents for which one type is exceedingly 
rare, e.g., Tj*-negative control, U-negative 
control, Di*-positive control (although the 
potency of the anti-Di* serum was con- 
firmed with a Di*-positive blood kindly 
supplied by Dr. M. Layrisse) and C”-posi- 
tive control (although the anti-C” serum 
was capable of detecting C” bloods in a 
screening of Caucasians). 

In order to conserve serum all bloods 
were typed by means of a two stage screen- 
ing procedure in which the reactions in 
the first stage determined the tests to be 
performed in the second stage, as shown 
below. 

Bloods reacting weakly with anti-A: (ab- 
sorbed B blood) were retested in most 
cases with an extract of Ulex europeous 
(specific for A2 and O) and in the other 
cases with both the Ulex extract and an 
extract of Dolichos biflorus (specific for 
A1). 

The original screenings for M and N 
were performed using commercially avail- 
able rabbit immune sera. In general all 
the reactions for M and N were quite weak 
even though the control bloods reacted 
strongly. The difference in intensity of 
reaction between the African and control 
bloods is probably attributable to the 
greater age of the former. Bloods giving 
doubtful reactions were re-examined with 
two rabbit anti-M and a potent rabbit anti- 


First stage 
reagent 


A 
A 
Saline C 
Saline D 
Saline E 
K 


First stage 
reaction 


++) 414 


Anti-k 
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Anti-A; (absorbed B blood) 
Rabbit anti-A (titer 1/800) 
Anti-C, 
Incomplete anti-D by Coombs test 

Anti-e (negatives retested with trypsinized blood) 


anti-c 


N serum (these sera were made in this 
laboratory), and in some cases with 2 
human anti-M. 

Bloods reacting atypically with the roui 
tine Rh typing fluids were retested with 
several sera specific for the antigen in: 
volved, each serum being obtained from 
a different commercial laboratory. ! 

The Coombs serum used in screening| 
for Kell and Duffy was composed of a mix\ 
ture of two rabbit anti-human sera. This 
serum mixture gave good reactions witli 
Kell and Duffy positive controls set uy 
daily, even though there was almost unij 
versal failure to detect evidence for Kell 
or Duffy sensitization among the African 
bloods. Unfortunately it was not feasible 
to attempt large scale absorption experi 
ments to determine the true antigenic 
composition of these bloods. 


RESULTS 


The complete results by phenotype are 
given in tables 1-3. The results are pres 
sented separately for the specimens testec 
in 1955-56 at the Child Research Center 
and those tested in 1957-58 at the Depart 
ment of Human Genetics. For the moss 
part the results are shown by tribe. Ho 
ever, due to the small numbers tested in 
the Ivory Coast and Upper Volta and te 
the multiplicity of small tribes in thess 
regions, none of the tribal samples fro 
these regions, with the exception of thi 
Mossi and the Kru, is greater than 20; ss 
that we have combined the samples fro 
these regions into larger groupings. Thes: 
groupings undoubtedly contain popula 
tions which differ significantly in the fre 
quency of some blood group genes. B 
it should be noted that the breeding uni 
in this part of West Africa is frequentl 
even smaller than the tribe; so that man) 
of our tribal groups also contain severe 
breeding “isolates,” which may well diffe: 
significantly in the frequency of som 
blood group genes. 


Then tested with 
second stage reagent 
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The gene frequencies were calculated by 
the methods outlined in Mourant (’54). 
The numbers of tests performed differ for 
the various blood group systems, primarily 
because of the rarity of certain anti-sera. 
In addition, with respect to two blood 
group systems (ABO and Rh), only a por- 
tion of the samples were tested for some of 
the subgroups. For example, not all of the 
D-negative samples were tested for D*; to 
obtain the frequency of the D* gene we 
have applied the percentage of D-negative 
bloods which were found to be D* to the 
total number of D-negative bloods. 

The gene frequency calculations are also 
complicated in several cases by significant 
differences between the two testing periods 
in the frequencies of the blood group phe- 
notypes. Aside from the fact that at times 
different populations were sampled, these 
differences are most likely due to a com- 
bination of the following three reasons: 
(1) condition of the blood samples on arri- 
val at the laboratory, (2) variability in the 
strength of the anti-sera used, and (3) dif- 
ferences in the testing procedures of the 
two laboratories. These inconsistencies 
only affect some of our calculations and 
will be treated in greater detail in our cal- 
culations for the various blood group sys- 
tems. We will begin with the ABO system. 

The ABO system. A ,x’* test indicates 
that the frequencies of the ABO blood 
group genes vary significantly among the 
tribes of Liberia (x? = 57.939, 15 d4f., 
P< 0.001). There are no significant dif- 
ferences between the samples for the vari- 
ous tribes in 1955—56 and in 1957-58, and 
in addition the results are not significantly 
different from Julien’s (’37) data for the 
Mano, Gio, Kpelle, Loma, Kru, Bassa, 
Mende, and Vai tribes. Thus, although 
there is great variability among the tribes, 
their frequencies appear to have been rather 
constant for the last 25 years. In contrast to 
the ABO blood group genes, the frequencies 
of the subgroups of A are not significantly 
different among the tribes when the pro- 
portion of A which is A: is tested by x? for 
our 1955—56 samples (x? = 16.234, 15 d.f., 
0.3 <P < 0.5, or for our 1957-58 sample 
(¢ = TS16, 1s~ df., 50.75ceR.] 0.90), 
Hence, although the frequency of blood 
group A may vary considerably among the 
tribes, the proportion of A which is A: does 
not vary significantly. However, the rela- 
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tive proportion of A: which we found in 
1957-58 is significantly greater than thai 
found in 1955-56 (x°= 7.558, 1 df. 
0.005 <P <0.010). This difference may 
be due in part to differences in the A: anti} 
sera which were used by the two labora 
tories, and in part to differences in the test 
ing procedures of the two laboratories 
especially with reference to the use of ;] 
Ulex preparation in one laboratory. Ij 
1955-56 at the Child Research Cente} 
Laboratory all samples were tested once 
but in 1957-58 at the Department of H 
man Genetics Laboratory almost all wea) 
positives were retested and some were re 
tested several times. In addition, for ma 
blood group antigens two or more anti-sery 
were used at the Department of Huma) 
Genetics Laboratory and the weakly reac} 
ing samples tested simultaneously wit{ 
them. Because of the retesting of all weaj 
positives, it would be expected that t 
number of positives for any test woul] 
decrease from our 1955—56 survey to cu 
1957-58 survey. Since this actually o 
curred for many of the blood group syj 
tems, this difference in testing procedur 
seems to account for the significant di 
ferences in the frequency of various ant 
gens which were found by the two labors 
tories. In 1955-56, 83% of the A-tyy 
bloods which were tested for A: were pos 
tive, while in 1957-58, 73% were positiw 
In 1955-56 the samples were tested one 
with a human anti-A; (absorbed B blood? 
but in 1957-58 weak positives for . 
were retested with a Ulex extract whi 
gives a strong reaction with A» and fa 
to react with A:. Thus, in many cas 
(55% ) samples which were weakly po) 
tive with anti-A: reacted strongly wi 
the Ulex extract and hence were treatt 
as As. Because of this additional testi: 
it can be seen that a decrease in the f7 
quency of A: would be expected in 195) 
58. The ABO gene frequencies for tt 
tribes listed in table 1 are shown in tal 
6. Since the tribes do not differ sign: 
cantly in the proportion of the A ge 
which is A: we have not calculated the 
and A. gene frequencies separately, but? 
can be stated on the basis of the 1957— 
results that about 27% of the A genes ¢ 
Ao. | 

The MN system. For the MN syste 
there were no significant differences 
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jtween the sample for the particular tribe 
in 1955-56 and that in 1957-58, and in 
jonly two tribal samples, the Kpelle in 
¥1957—-58 and the Gola in 1957-58, were 
ithe phenotypic frequencies significantly 
idifferent from those expected in a Hardy- 
\Weinberg equilibrium, due to an apparent 
yexcess of homozygotes. The Kpelle and 
{Gola are among the largest tribes of Liberia 
and contain several breeding isolates. This 
apparent departure from Hardy-Weinberg 
yequilibrium in the two samples may be due 
\to the statistical phenomenon first noted 
by Wahlund (’28).* 

A further possible illustration of the 
lfoperation of this principle is to be observed 
| ale the total MN determinations for 

Liberia in 1957-58 are compared with the 
BR epected values in a Hardy-Weinberg 
ilequilibrium. Here again there is a very 
significant excess of homozygotes (x? = 
8.062, 1 d.f., 0.001 <P < 0.005), and for 

e total of both 1955-56 and 1957-58 
uthere is also an excess of homozygotes 
which is significant (x? = 5.037, 1 df., 
90.010 <P < 0.025). Since the tribes of 
wLiberia differ significantly in their M gene 
iifrequencies (x? = 33.759, 15 df., 0.001 
it< P <0.005), as in the Kpelle and Gola 
mexample cited earlier, these apparent ex- 
wcesses of homozygotes appear to be due to 
@Wahlund’s principle. If the expected 

alues of the three phenotypes are adjusted 
jgaccording to Wahlund’s formula, then the 
ijobserved values are not significantly differ- 
‘lent from the expected (x? = 2.935, 1 d.f., 
0.05 < P< 0.10). When it is remembered 
fgthat the tribal frequencies are most likely 
agmeans of several isolates and hence that 
whe variance of the M gene frequency 
jtamong the tribes of Liberia is most likely 
yess than its variance among the breeding 
ifisolates of Liberia, then the data seem to 
“be an even better fit to this formula, since 
i fe have corrected the zygotic proportions 

by the lesser value, the variance of the M 
if gene among the tribes. 
i In this connection it should be noted that 

a deficiency of heterozygotes for MN has 
ypeen a rather common finding in Africa. 
w@oullec, Linhard, and Sutton (52) re- 
aH ported a deficiency of heterozygotes for 
a MN from the tribes centered around 

Dakar, and proposed a silent M2 gene in 
appreciable frequencies as an explanation. 
4 Shapiro and Vandepitte (’55) have also 
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reported a deficiency of MN heterozygotes 
from the Congo. Thus, it appears that sur- 
veys in Africa which combine many tribes, 
which in turn contain many isolates, are 
very likely to find a deficiency of MN 
heterozygotes, depending, of course, on the 
variability of the M gene among the iso- 
lates sampled. Since many tribes in Africa 
contain more than one breeding isolate, 
this could also happen on surveys which 
recorded their results by tribe. The fact 
that this occurs frequently in Africa and 
not in Europe is due to the greater vari- 
ability between isolates in Africa, which is 
a result of the smaller size of the isolates 
and the more limited gene flow between 
them. 

The Rh system. In contrast to the ABO 
and MN systems, the Rh phenotypic fre- 
quencies do not vary significantly among 
the tribes of Liberia (x? = 76.857, 60 d.f., 
0.05< P< 0.10). For this test we have 
combined our data for 16 tribes into the 
phenotypes, cDe, CDe, cDE, CDE, and all 
D-negative (including D"), irrespective of 
C and E reactions. Although the tribes do 
not differ significantly, we have calculated 
the chromosome frequencies separately for 
each tribe, and these together with the 
chromosome frequencies of the tribes of 
the Ivory Coast and Upper Volta are shown 
in table 6. For the calculation of the tribal 
frequencies, we have combined the data 


4If a population is subdivided into K breeding 
isolates of approximately equal size, then where 
qi is the frequency of the M gene in the ith 
breeding isolate and q is the frequency of the 
M gene for the total population, the following 
relations hold: 


= 2 
q= qi 


— 2(ai— q)? 2g yy 
a : = eG 
K she K K. ae 
And if each breeding isolate is large enough so 
that the zygotic proportions will be: 

ai?; 2qi(1 — qi); (1 — q)? 
Then the zygotic proportions for the total popula- 
tion will be: 


MM: 2a? =q ao oq? 


MN: 2247 — 4) — 99¢1 —"q) —20a" 


NN: 1 —‘q)? + oq? 


20 =a)? _ ¢ 

K = 
Thus it can be seen that for the total population 
there will be an increase in homozygotes which 
will be proportional to the variability of the gene 
frequency among the subdivisions. 
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for 1955-56 and that for 1957-58, but it 
should be noted that the phenotype fre- 
quencies of the total sample for 1955-56 
differ significantly from those of the 1957— 
58 sample. In the 1955-56 sample there 
is a significant excess of the CDE pheno- 
type and smaller excesses of the CDe and 
cDE phenotoypes. As for the A: antigen of 
the ABO system, these excesses of positives 
for the C and E antigens seem to be due to 
differences in the testing procedures of the 
two laboratories. There were many weak 
positives for these antigens and these were 
retested in 1957-58. As a result many 
were found to be negative. Since the 
phenotypic frequencies found in 1955-56 
are significantly different from those found 
in 1957-58, we have calculated the chro- 
mosome frequencies separately for the two 
sets of data, and the results are shown in 
table 4. In 1955-56 most of the D-nega- 
tive bloods were not tested for D", so that 
the relative proportion of D-negative bloods 
which are positive for D" is based on a very 
small sample. Aside from this difference 
it can be seen that the two samples from 
Liberia agree quite closely. All the C-posi- 
tive samples in 1957-58 were tested for 
C”’; no positives were found in the survey. 
This antigen is known to be rare in Africa, 
but this finding of 0% is the lowest to be 
reported (summary in Mourant, 54). 
The Fy* system. Only 7 Fy*-positives 
were found in the entire survey, and these 
were all in one shipment. Since this ship- 
ment arrived at the laboratory in a poorer 
condition than most shipments and was 
tested much later than most, we would 
suspect these to be false positives, inas- 
much as 200 clotted blood samples in espe- 
cially good condition, and several hundred 


TABLE 4 


The Rh chromosome frequencies of the 1955-56 
and 1957-58 shipments from Liberia (ex- 
cluding the Belle, Americo-Liberians 
and tribes listed under Other) 


1955-1956 1957-1958 
Number tested 1,345 862 
cDe 0.6039 0.5853 
CDe 0.0882 0.0688 
cDE 0.0765 0.0637 
cde 0.1810 0.1661 
Cde 0.0189 0.0223 
cdE 0.0053 0.0024 
cDe 0.0263 0.0921 
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oxalated samples from neighboring ang 
related tribes in Liberia were all negative... 
A low frequency of the Fy* gene is charac-; 
teristic of African populations, but thiss 
finding of essentially zero seems to be} 
confined to West Africa, where Race andj 
Sanger (58) have also reported 0% among) 
a small sample (37) of Nigerians and 
Ghanaians. Shapiro and Vandepitte (’55) 
report 8% positives for the Fy* antigen in 
the Congo, and Zoutendyk (’55) reports: 
28% among the Hottentots and 16%) 
among the Bushmen in South Africa. 
Gershowitz (unpublished) has observed 
3.8% Fy*-positives among 157 natives off 
Kenya. There is thus the suggestion of & 
lower frequency of Fy*-positives in West 
than in East or South Africa, but no evii 
dence at present for a cline within West 
Africa. There is some disagreement as ta 
the frequency of Fy-positives among the 
American Negro since Miller et al. (51) 
report 26% positives among a sample eb 
200 New York Negroes, while Sanger 
Race, and Jack (’55) report 10.4% for 4 
sample of 125 of the same population. Ir 
this laboratory, 20.3% of a sample of 20€ 
American Negroes were Fy*-positive (Geri 
showitz, unpublished). In any case, ho 
ever, a very low frequency would be 
expected among Africans in view of the 
65% Fy*-positives among Caucasians an¢ 
the fact that the American Negro gen 
pool appears to have about 25% Caucasia 
genes (Glass, ’55). ) 

The Tj* and Di* systems. No Tj*-nega 
tives were found on the survey, but in viey 
of the rarity of the Tj’ gene and the size 
our sample, none would be expected. J 
results for the Diego system have been dis 
5 es in another publication (Gershowitz 
D9). 

The K, U, and He systems. Our result 
for the Kell, U and Henshaw systems ar 
similar to those of other investigations i 
Africa. No Kell positives were found in th® 
Ivory Coast specimens and the frequena 
of Kell positives was very low in Liber 
(0.5% ). The frequency of U-negative 
was also quite low in Liberia (0.5% ), b 
this frequency rose to 3.8% in the Ivox} 
Coast. A similar cline in the frequency ¢ 
the Henshaw antigen also seems to 
present with 0.5% Henshaw positive i 
Liberia, 5.0% positive in the Ivory Coas: 
and 4.3% in Ghana to the east of the Ivop 
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MH 
igh TABLE 5 
"th The frequencies of the P and Jk* blood groups in the shipments from Liberia, 
ts in relation to time of shipment 
; Date and P blood group Jk blood group 
b method of No. No. Freq. N N F 
ig h shipment tested nee hel es fenced Bedi ee. 
i) Oct. 57 (Oxalated blood ) 79 11 0.139 
i} | Oct. 57 (Oxalated blood ) 138 2 0.015 60 12 0.200 
it Nov. 57 (Oxalated blood) 42 1 0.024 42 24 0.571 
> Jan. 58 (Oxalated blood) 40 1 0.025 40 4 0.100 
li Feb. 58 (Clotted blood) 218 24 0.110 
i) May 58 (Oxalated blood) 158 41 0.260 
ui) Jun. 58 (Oxalated bloed ) 76 16 0.211 
alt Jun. 58 (Oxalated blood) 150 22 0.147 
}) Jun. 58 (Oxalated blood) 82 8 0.098 
(it Aug. 58 (Oxalated blood ) 54 5 0.093 
‘yy Aug. 58 (Oxalated blood) 73 9 0.123 
“Totals! 1,110 140 0.126 142 40 0.282 


i 
ish The total for the P blood group does not agree with that on table 3 because the results for several 


{ 
‘bast (Mourant, 54). While in Ghana 
jad Nigeria the Henshaw gene seems to 
_P associated only with N (Mourant, ’54), 
“ye have found Henshaw positives associ- 
ed with M as well as N, as has Nijen- 
ais (55) in the Congo and Pollitzer (’58) 
“h the United States. Our positive Henshaw 
‘bactions were strong (++++) and as- 
'beiated with the MN blood groups as 


» llows : 


0 MM 


MN NN 


i Henshaw positives 3 6 5 


| The P and Jk* systems. The P and Jk’ 
“lood group antigens have more inter- 
‘hediate frequencies among the tribes of 
Viberia than the other less well-known 
‘lood groups, and, as perhaps would be 
Nxpected from the greater sampling vari- 
“nce at intermediate frequencies, the tribal 
jrequencies seem to show greater vari- 
bility. However, this increased variability 
Nor these blood groups may be due in part 
fy other factors. For both blood groups 
"here is a greater variability in the fre- 
Ruency of positives in the different ship- 
iments than was observed for the other 
#xroups, raising the possibility of technical 
Wifficulties. The frequencies of the P and 
1k* antigens in each shipment for which 
they were tested are shown in table 5. For 
the P blood group the variability among the 
ihipments in the frequency of P-negatives 
seems to be due in part to variability in the 
Ktrength of the reagent, and at one time 


pegnant women and individuals known to be related are included here but not on table 3. 


during our survey (May, 1958) the reagent 
became noticeably so much weaker that it 
was discarded. Nonetheless, all the vari- 
ability in the frequency of P-negatives is 
not due to differences in the strength of 
the reagent. With a new reagent in June, 
1958, 21% negatives was found which 
compares to the 26% negatives found in 
May with the weaker reagent. On the other 
hand, for the Jk* blood group the same 
reagent was used for all tests, and the dif- 
ferences in the frequency of Jk?-negatives 
among the shipments do not seem to be 
attributable at all to a weakening of the 
anti-sera used. Most of our Jk*® reactions 
were rather weak, and our data indicate 
that this antigen may be more subject to 
deterioration. However, the shipment with 
a high proportion of Jk*-negatives (25 
Nov., 1957) did not appear to be in any 
worse condition than the others, nor was 
it tested any later after collection. 

If we take the observed frequencies of 
the P and Jk? antigens at face value, ignor- 
ing the possibility of technical error, our 
results differ from what has usually been 
reported on African and African-derived 
populations. In previous studies on West 
Africans from Nigeria and Ghana and 
American Negroes, the frequency of in- 
dividuals negative for Jk* has been less 
than 7% (summary in Mourant, 54). Our 
finding of 28% Jk?-negatives is thus much 
higher than those of other studies. With 
respect to the P system, 13.5% of the 1237 
natives we tested in this respect were P- 


170 


negative. Limited studies on the natives 
of Nigeria and Ghana, as well as Ameri- 
can Negroes, have shown values of less 
than 7% P-negatives (summary in Mou- 
rant, 54), but Moullec et al. (52) found 
a 12% value in 781 natives from tribes 
in the vicinity of Dakar. In addition, 
Shapiro (’51, 53) found 13.2 and 8.0% 
P-negatives in two studies of South African 
Bantu, and Goldsmith (quoted in Mourant, 
754) found 27.9% P-negatives in the 
Somali, although the Somali are a Cushitic 
tribe in Ethiopia and Somaliland and thus 
not strictly “Negro.” In any case it may 
well be that there is considerable variabil- 
ity in the frequency of these blood groups 
in different parts of Africa, which as for 
many other blood groups limits the use- 
fulness of the term “African” or “Negro” in 
reference to the frequencies of these blood 
groups. For the Jk* group, then, our 
limited results suggest a higher frequency 
of negative reactors in the tribes of Liberia 
and the Ivory Coast than in the tribes of 
surrounding regions, but the results are 
insufficient to establish the occurrence of 
a cline if such exists. With respect to the 
P antigen the differences from the values 
reported for surrounding regions are less 
striking, and, in view of the possible tech- 
nical problems mentioned above, are not 
thought worthy of further discussion. 


DISCUSSIONS 


Before we attempt to discuss the anthro- 
pological and genetic significance of our 
findings, we would like to point out certain 
implications of the significant differences 
in our survey which have been associ- 
ated with different testing procedures. We 
think the possibility that such differences 
may occur, or in other words that there is 
a degree of uncertainty in blood typing 
which must be borne in mind in the inter- 
pretation of blood group gene frequencies, 
especially when “old” blood is used, has not 
been properly emphasized in most publi- 
cations. Our findings would seem to imply 
that in a program in which blood speci- 
mens which are one week or more old are 
subjected to a single test for a particular 
antigen, a significant number of specimens 
will exhibit weak positive reactions which 
are not duplicated on a retest. The differ- 
ences in the two laboratories which were 
noted in this study stem almost entirely 
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personnel for retesting procedures. | 
should also be noted that many of tif 
“significant” differences are actually reli 
tively small, and emerge as significant on} 
because of the size of the samples ca 
cerned. It may be that oxalation of oy 
samples was responsible for these fall 
positives, which would limit the implicg 
tions of our findings. In this connectioni> 
should be noted that Osborne (58) hi 
presented evidence that differences [f 
technique between laboratories may be} 
significant factor in the percentage of po’ 
tive reactions even when fresh, clotté 
blood is used. It is impossible to estimaj 
to what extent routine blood grouping tecif 
niques, which are quite universally en 
ployed in survey studies, have led to ove 
estimates of antigen frequencies in othy 
investigations. Be that as it may, in tl 
present instance we have combined t 
results of the two series, although reca 
nizing that in consequence the antigen an 
gene frequencies resulting thereby may 
some systems be slightly higher than tl 
true values. 

In any case the results of our survey a 
cord in many general features with tl 
usual findings for the major blood grou 
systems in West Africa and in other pa 
of the world. For West Africa our resul 
are similar to the findings in those regio» 
thus far studied, namely Ghana a 
Nigeria (summary in Mourant, ’54), Pa 
tuguese Guinea (Mourant, °58; Trinca 
Franco, Gouveia and Parreira, 53), am 
the Senegal (Moullec, Linhard and Sutto 
02). Each of these studies shows th: 
there is significant variability in the 
and MN systems within the respectii 
countries, but there do not appear to | 
significant clines in the frequencies © 
these genes. Among the tribes of Liber 
there are some who possess frequencii 
similar to some tribes in Ghana, othe: 
who are similar to tribes in Portugue) 
Guinea, and still others similar to tribes | 
the Senegal; and these similarities « 
not appear to be related to linguisti: 
ethnic, or cultural similarities. Thus, ¢f 
variability in the ABO, MN, and Bh sy 
tems appears to be for the most part ra: 
dom. On the other hand, although data ¢ 
the U, K, He, P and Jk* systems are le? 
extensive, there may well be in We 
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‘\frica, centering in the vicinity of Liberia, 
7 ignificant clines in the frequency of some 
Jf the responsible genes, namely, He and 
i , and —somewhat more indefinite—Jk:. 
i Because of the presence in Liberia and 
_ jae Ivory Coast of a significant cline in the 
‘frequency of the sickle cell gene, a gene 
-with a marked selective advantage in the 
sheterozygous state (Raper, 56; Vandepitte 
nd DeLaisse, 57; Lambotte-Legrand, ’58), 
‘Sur data present an unusual opportunity 
ic compare this cline with the frequencies 
if the blood group genes. We will restrict 
“he detailed comparison to the ABO, Bh, 
ind MN systems—the major systems—for 
“which we have the more complete data. 
‘Ym table 6 we have arranged the tribes by 
‘inguistic affiliation and, as well as possi- 
le, in descending frequency of the sickle 
"Bell gene. In table 6 the sickle cell gene 
‘tan be seen to have a very significant cline 
mong the tribes of Liberia, while none of 
‘the other blood group systems shows a sim- 
lar cline. When the tribes are grouped by 
‘tinguistic affiliation, which is used in table 
‘5 to indicate ethnic relation, there does not 
peem to be any striking overall association 
‘}yetween the frequencies of the blood group 
lisenes and linguistic affiliation. To be sure, 
lislosely related tribes such as the Mano and 
“Gio do show marked similarities in the 
frequency of some blood group genes; and 
ithe Mandingo and Vai, whose languages 
are closely related, do have in common a 
much higher frequency of the M gene 
wthan is usual in Liberia. However, there 
seem to be as many differences between 
itclosely related tribes as there are similari- 
ities. Thus, the variability in these blood 
group systems seems to be for the most 
part random when examined in this man- 
mer. One of us (Livingstone, 58a) has 
4postulated that the distribution of the 
itsickle cell gene in Liberia is due to the 
recent advance of the gene by a relatively 
“small amount of gene flow between stable 
“populations followed by a rapid increase 
yin gene frequency due to intense selective 
dpressures. The absence of parallel clines 
iin the major blood group systems seems 
ito imply that these other genes were al- 
ready present in near equilibrium frequen- 
#cies prior to this gene flow. 
) There is also a rather striking cline in 
the frequency of the sickle cell gene in Por- 
guese Guinea, where the West Atlantic- 
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speaking tribes on the seacoast between the 
Cacheu and Casamance Rivers have very 
low frequencies of the sickle cell gene with 
the frequency of this gene increasing as 
one proceeds inland from this stretch of 
coastline. As is the case in Liberia, the 
tribes with very low frequencies of the 
sickle cell gene in Portuguese Guinea seem 
to be relict populations of the primitive in- 
habitants of West Africa who were forced 
back into this area by later migrations. In 
table 7 are shown the available data on the 
frequencies of the sickle cell gene and the 
ABO and Rh blood group genes in the 
tribes of Portuguese Guinea the tribes be- 
ing arranged in ascending frequencies of 
the sickle cell gene. As in Liberia there 
seems to be little or no association between 
the frequencies of the sickle cell gene and 
those of the blood group genes. Thus, once 
again the conclusion seems to be that the 
variability in the frequency of the blood 
group genes is not associated with the cline 
in the sickle cell gene or with common 
ancestry. 

A third study of this nature, that by 
Hiernaux (’56) of the populations of 
Ruanda-Urundi and the eastern Belgian 
Congo, involving the ABO, MN, Rh, and 
sickling systems, also seems to point in 
general to a similar conclusion, although 
there is one exception to be discussed be- 
low. In table 8 the populations of Hier- 
naux’s study are arranged in a similar 
manner to the ordering of the populations 
of Liberia in table 6, but we have added 
the mean altitude of the tribe’s habitat in 
table 8, since this factor seems to affect the 
distribution of the sickle cell gene very 
strikingly. The correlation between alti- 
tude and the frequency of the sickle cell 
gene (r= 0.73) is significant at the 1% 
level. It can be seen that all tribes which 
are above 1500 meters in altitude have 
very low frequencies of the sickle cell gene, 
which is presumably related to the fact 
that there is little falciparum malaria at 
these heights. However, the tribes who 
inhabit the lower altitudes do not invari- 
ably have high frequencies of the sickle 
cell gene. Thus, other factors, in addition 
to selection with respect to falciparum 
malaria, seem to be involved in determi- 
ning the distribution of the sickle cell gene 
in this part of Africa, as is the case in West 
Africa (Livingstone, ’58b). In Ruanda- 
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TABLE 7 


A comparison of the blood groups and sickle cell gene frequencies among the tribes of Ih 
Portuguese Guinea Ps 
(Numbers in parentheses refer to number of individuals tested) | 


Sickle cell 


Blood 


Blood 


Tribe gene group A group B Rh- (% ) Language 
Baiote 0.001 (342) 0.252 (126) West Atlantic | 
Mancanhas 0.001 (534) 0.190 0.201 (56) 0.280 (459) West Atlantic f 
Bijago 0.003 (632) 0.185 0.150 (225) 0.241 (258) West Atlantic H 
Balante 0.005 (776) 0.238 0.162 (58) 0.254 (481) West Atlantic 
Papel 0.007 (1244) 0.170 0.116 (87) 0.288 (410) West Atlantic lt 
Manjacos 0.010 (758) 0.172 0.124 (87) 0.294 (427) West Atlantic 
Felupe 0.028 (641) 0.101 0.177 (200) 0.234 (510) West Atlantic 
Nalu 0.030 (100) 0.112 0.183 (200) 0.257 (560) West Atlantic 
Biafada 0.064 (797) 0.144 ONS7C287) 0.221 (470) West Atlantic 
Pajadinca (Conagui) 0.080 (300) 0.147 0.207 (203) West Atlantic 
Fula Forros 0.079 (2053 ) 0.167 0.157 (327) 0.248 (408) Fulani (W. Atl. lf 
Fula Futa 0.087 (682) 0.172 0.139 (200) 0.295 (426) Fulani (W. Atl. |B 
Fula Pretos 0.126 (430) 0.279 (565) Fulani (W. Atl., 
Mandingo 0.058 (895) 0.195 0.208 (94) 0.206 (608 ) Mande 
Mandingo 0.075 (500) 


1Data from Leite and Re, 55; Trincao, n.d.; Mourant et al., 58; and Trincao et al., 753. 


Urundi and the Belgian Congo there are 
relatively few populations which seem not 
to be in or approaching equilibrium for the 
sickle cell gene, and the major cline in the 
frequency of this gene seems to be deter- 
mined by differences in the amount of 
falciparum malaria which are dependent 
on altitude. Thus, this appears to be a 
stable cline in contrast to the cline in 
Liberia which is not associated with dif- 
ferences in the endemicity of falciparum 
malaria. 

As in Portuguese Guinea and Liberia, 
the distributions of Rh and MN blood 
group genes in Ruanda-Urundi and the 
eastern Belgian Congo do not show any 
associations with the cline in the sickle 
cell gene. As in Liberia there are some 
differences, such as the low frequency of 
B or the high frequency of M among the 
Tutsi, which seem to reflect ethnic differ- 
ences, but there is certainly no overall 
pattern of differences in blood group gene 
frequencies associated with linguistic or 
ethnic differences. However, within the 
Bantu tribes the variability in the O gene 
is positively correlated with that in the 
sickle cell gene (r=+.75, 11 df., P< 
0.01), while the A gene is negatively cor- 
related with the sickle cell gene (r = — .72, 
11 df.,P<0.01). It may be that the dif- 
ferences in altitude which have resulted in 


differences in selection at the sickle cel] 
locus have also influenced the ABO genes: 
Or it may be that malaria is a selective 
factor for the ABO genes and only in 
Ruanda-Urundi where the sickle cell cline 
is stable could this correlation be detected! 

Despite the fact that no _ significan 
clines were observed in West Africa fod 
the major blood group genes, in contras 
to the findings for the sickle cell gene, ii 
should not be lost sight of that the tribes 
of West Africa differ significantly in the 
frequency of some blood group genes: 
These differences seem to be the result 09 
genetic drift or of selective response tc 
local, unidentified factors and not associ 
ated with common ancestry, way of life, o» 
region which the tribe inhabits. Since 
there is increasing evidence that the gene 
frequencies of many blood group systems 
are maintained by a balanced polymor: 
phism, the similarity of blood group fre® 
quencies throughout Africa implies thai 
the selective forces maintaining these 
balanced polymorphisms are relatively con 
stant throughout this region. Whatever 
these forces are, it is noteworthy that the 
great changes which resulted from the 
adoption of an agricultural econom 
by hunting populations and which are 
responsible for the spread of falciparum 
malaria and the sickle cell gene have 


yt affected them. In addition to the 
}imitive “relict” populations in Portu- 
nese Guinea and Liberia the Pygmies and 
ishmen have frequencies of the blood 
‘oup genes which are similar to those of 
e surrounding Bantus. Since the transi- 
on to an agricultural economy results in 
hanges in the diseases prevalent among 
e population (Hare, 55), the absence of 
rarked differences in the frequencies of 
e blood group genes between agricultural 
id hunting populations in Africa seems 
imply that these diseases are not in- 
‘plved in the selective forces maintaining 
je blood group gene frequencies. How- 
\fer, since it seems most likely that a great 
litany diseases are involved in these selec- 
‘lye forces, an alternative explanation is 
fat the equilibrium frequencies are the 
ime in both a primitive hunting popula- 
dn and in an agricultural population but 
‘e maintained by quite different kinds of 
jlection. 


.e haptoglobin system. Evidence for the 
kistence of a cline in the haptoglobin 
ene similar to that for the sickle cell gene 


jaintained by a balanced polymorphism. 


‘Terease in the frequency of the sickle cell 
‘bne also seem to be associated with an 
‘crease in the frequency of the Hp’ allele. 


s : 
i smoglobin via the renal system, and since 


ihemolytic anemia is a common finding 
malaria because of the destruction of 
yge red cells by the parasite, malaria could 
.gso be an important selective factor in 
wwereasing the frequency of this allele. 
@nere is no evidence for non-uniform dis- 
gibution of the Fy*, K, P, and Tj* or Di* 
mtigens in the regions covered by these 
fudies. With respect to the possible cline 
@ the genes responsible for the He and U 
Mtigens noted above, the data are not 
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clear as to how well these clines correlate 
with the sickle cell cline—further data on 
this point are to be desired. Finally, we 
record an apparent high for Jk? negatives 
in the regions studied, but no evidence for 
a cline. 

One further aspect of our findings which 
finds confirmation in a number of other 
studies is the difference in variability of 
the major blood group systems. It is usual 
to find the variability much greater among 
the ABO blood groups than the Rh blood 
groups, and the variability in the MN sys- 
tem is usually intermediate. This increased 
variability in the ABO system is usually 
associated with the A gene (Ruffié, ’58; 
Mourant, 59; Hiernaux, 55). Since among 
a set of populations the role of gene drift 
and gene flow in determining gene fre- 
quencies would be the same for all genetic 
systems—assuming a similar antiquity for 
the systems involved—this increased vari- 
ability seems to be due to differences in the 
selective forces which are operating on the 
different blood group systems. Whether 
this implies that there is stronger selection 
for the ABO system as Mourant (759) has 
conjectured, or whether it implies that the 
ABO system is more subject to gene drift 
and hence that selective pressures are less, 
has yet to be determined. In any case, the 
unravelling of the factors which can in- 
fluence gene frequencies and which are 
responsible for these differences in the 
variability of the blood group systems is 
one of the major problems facing human 
population genetics and physical anthro- 
pology today. 


SUMMARY 


Data are presented on the distribution of 
the ABO, MN, Bh, Fy*, K, U, P, Jk’, Tj’, 
He, and Di’* blood groups in Liberia, the 
Ivory Coast, and Upper Volta. An attempt 
was made to determine whether there were 
clines in the frequency of the genes re- 
sponsible for these groups comparable to 
the clines in the frequency of the sickle 
cell gene already demonstrated in this 
region. Such clines appear to be absent, 
with the possible exception of the He and 
U blood groups, and—at an even lower 
level of probability—the Jk* group. The 
significance of these findings is discussed. 
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‘Abnormalities in Samoans 


EDGAR J. MARTIN?! 


The incidence of rib abnormalities, as 
seen in chest films, is strikingly higher in 
Samoans than that reported in other popu- 


iterature. It was felt that precise data on 
\this subject may be of interest to anthro- 
pologists, anatomists, and investigators of 
jeffects of ionizing radiation in the Pacific 
area. This cross sectional study was un- 
"“dertaken to provide a base line record of 
ithe findings and to consider possible causes 


MATERIAL AND METHODS 
Demography 


i@ Samoa is an isolated archipelago in the 
South Pacific. The native inhabitants, 


wself-contained ethnic unit belonging to the 
wPolynesian race. Since the turn of the 

entury the eastern islands of the archipel- 
‘ago have been under the administration of 
the United States of America, the western 
islands were first under Germany, but 
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since World War I have been under New 
Zealand administration. This political 
division as yet has not appreciably affected 
the ethnic unity of the natives. The pres- 
ent study was made in American Samoa, 
and the subjects will be referred to as 
“Samoans.” Tables 1 and 2 show the de- 
mographic situation of American Samoa. 

Table 1 shows a rapid increase of the 
population since 1900. However, the in- 
crease concerns Samoans alone, as immi- 
gration is negligible. Non-Samoan resi- 
dents represent only a small proportion of 
these figures, e.g., 3.3% at the 1956 cen- 
sus. In table 2 “part Samoans” are those 
who claim a non-Samoan among their an- 
cestors. 

At present there is little promiscuity be- 
tween resident aliens and the natives, but 
it cannot be said what the situation was 
between 1942 and 1947 when tens of 


1Formerly with the Department of Medical 
Services, Government of American Saoma, Pago 
Pago, American Samoa. Present Address: 7 
Edmund Avenue, Toronto, Ontario, Canada. 


TABLE 1 


Census figures for the residents (Samoans, part Samoans and non-Samoans) of American 
Samoa from 1900 to 1956 (Pacific Island Yearbook, 56) 


Year of census 


1900 1930 1940 1950 1956 
Total population 5,697 10,055 12,908 18,937 20,154 
TABLE 2 
Samoans and part Samoans in American Samoa in 1956 by age groups 
(compiled from Census of American Samoa, ’56) 
Age groups 
Children Adolescents Adults Total 
< 10yrs. 10-20 yrs. > 20 yrs. 
Samoans 6,299 4,434 7,228 17,961 
Part-Samoans 586 427 505 1,518 
Total 6,885 4,861 7,733 19,479 
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thousands of American soldiers were 
stationed on the islands. It is uncertain 
what proportion of the census claims are 
based on expediency. Such hybridization 
of Samoans as does occur is mostly with 
other Polynesians and with Caucasians. 
The proportion of part Samoans with 
modern Asiatic ancestry is negligible. 
There was no bias in the distribution of 
rib abnormalities in favor of subjects 
identified as part Samoans. For the statis- 
tics of incidence of rib abnormalities, the 
part Samoans were considered with the 
Samoans. 
Screening 


Posterior-anterior chest films, size 14 by 
17 inches for adults and corresponding 
sizes for children, were screened to detect 
rib abnormalities. They had been taken 
with routine techniques for investigating 
soft tissue pathology. For this study only 
those films were used which allowed the 
viewing of the complete ribs I—VIII, in 
which recognition of the outlines of the 
ribs was not interfered with by soft tissue 
densities, technical mistakes, decalcifica- 
tion, or obesity of the subject, and in 
which no traumatic deformity was present. 
Cervical ribs and all abnormalities of ribs 
I-VIII were recorded. Special care was 
taken to avoid recording duplicate films. 


Morphologic definition of rib 
abnormalities 


In general we used the same definitions 
for the categories of abnormalities as 
Coury and Delaporte (’54). But since bifid 
ribs, spurs on ribs, and “wide” ribs were 
of major importance in our study, we at- 
tempted to define them with special ac- 
curacy. 

Bifid ribs. Structures of the following 
shapes were pooled under this name: (1) 
bifid ribs in which the two branches were 
of about the same length, forming a U or 
V (cf. fig. 1), (2) bifid ribs in which one 
branch appeared up to two thirds shorter 
than the other (cf. fig. 2) and (3) forms 
“en anneau” (Pionnier and Depraz, ’56) 
where a rib splits in two branches which 
further on rejoin each other and form a 
subsequent portion of rib of normal ap- 
pearance (cf fig. 3). Failures of the in- 
vestigator to notice bifidities are assumed 
to be rare. 
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Figs. 1-6 Aspects of bifid ribs, spurs on riby 


and wide ribs. Explanation in the text. 

Spurs on ribs. Bifidities in which thy 
length of one branch was less than on 
third of the other were called spurs (c¢ 
fig. 4). When the height of a localize 
elevation of a border of a rib approache 
about one-fifth of the width of that rib ii 
identification became doubtful and we 
classified as a spur only on the grounc 
of supporting morphologic particulariti¢ 
such as cartilaginous and partly calcifie 
strands between the spur and the sternu 
widening of the intercostal space, a pri 
nounced angle in the rib at the location « 
the spur, and an obvious abnormal be 
in the adjacent rib. 

The difficulty in identifying small spu’ 
limits the reliability of figures for th 
category. We assumed the weight of erre 
to be negligible for ribs III-VIII but cou) 
not properly estimate it for the ribs I ar 
II. The projection of ribs I and II on th 
film may distort the appearance of the 
protuberances considerably. In additioy 
in rib I the variability in size of sulci an 
tuberculi and calcifications of the tended 
of the m. scaleni (Todd, ’11) made it ditfi 
cult to determine what was a spur in 
sense of bifidity. In ribs I and II only tho) 


abnormalities which appeared very obvious 
iwere recorded. 

| Wide ribs. Ribs whose width was equal 
ito or exceeded the combined widths of the 
two adjacent ribs were classified as wide 
tibs. This included ribs which were en- 
larged for varying portions of their length 
and ribs which fanned out in their distal 
portion (cf. figs. 5 and 6). We arbitarily 
r eglected forms of transition between the 
“normal” and the defined width. With this 
qualification the recognition of wide ribs 
iwas assumed to be reliable for the ribs 
II-VIII. There was no good criterion to 
terpret variations in width of rib I. The 
few ribs I which appeared quite wide in 
jthe series of films were not recorded, since 
the weight of error could not be properly 
: stimated. Wide ribs which carried a spur 
\jor a bifidity were recorded in the statistics 
jas wide ribs. 


Nomenclature 


We assumed that bifid ribs (B), spurs on 
ribs (S), and wide or enlarged ribs (W) 
are morphologic modification of one and 
‘he same abnormality (Coury and Dela- 


be designated hereafter as either BSW 
‘ibs or BSW abnormalities, depending on 
‘Ponvenience. In compiling the statistics we 
+ eglected the possibility that a proportion 


An abnormality was called “unicostal” 
“when it occurred in a single rib per sub- 
Abnormalities were called “multi- 


jdults who at that time had passed the 
Inge of 20 years. The films of 500 males 

ad 500 females were studied in the order 
which they had been taken. The adult 


ilefinition of abnormalities. For the control 
eries the files of the Department of Ra- 
liology of the Cincinnati General Hospital, 
iD Films 
,faken in 1947 and 1948 were pulled at 
4gandom from the filing shelves, and chest 
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films of 500 male and 500 female adults 
over 20 years old were screened. Accord- 
ing to the hispital records they were from 
Caucasians and Negroes in equal propor- 
tions in each sex. We neglected this detail 
since we were interested only in comparing 
a Samoan with a non-Samoan adult popu- 
lation sample. In both adult Samoan and 
Cincinnatian series consecutive films were 
arranged in five sequences of 100 for each 
sex. 

In addition we screened a series of 
Samoan children and a series of Samoan 
adolescents, using what full size films were 
available. The incidence of BSW ribs in 
these two age groups was compared with 
that in Samoan adults. 


RESULTS 

In 1,000 chest films of adult Samoans 
104 rib abnormalities were found. They 
were divided in four categories and their 
incidences were compared with those in 
three non-Samoan populations, namely 
the population sample of the Cincinnati 
General Hospital (hereafter referred to 
as “Cincinnatians”), and two European 
population samples. Pionnier and De- 
praz (’56), the author of the statistics 
on the European population samples, 
were the only ones in the literature 
whose screening methods for BSW ribs, 
synostoses, and agenesis are comparable to 
ours. They also gave adequate details of 
their definitions of these abnormalities so 
that we could extract statistics from their 
tables on the basis of our own criteria. The 
comparison is shown in table 3. 

Table 3 shows the incidence of BSW 
ribs in adult Samoans is much higher than 
in adult Cincinnatians. The difference was 
found to be significant at the 1% level of 
P by the t test. The incidence of rib ab- 
normalities of the other categories was 
about the same in Samoans and Cincinnat- 
ians. The two European population sam- 
ples showed incidences of abnormalities 
similar to those of the Cincinnatians. 

Statistics from other American and Euro- 
pean population samples were obtained 
with screening techniques so different 
from ours that we could not use the fig- 
ures for comparisons. However, none of 
them suggests an incidence of BSW ribs 
higher than that of the Cincinnatians 
(Pionnier and Depraz, ’56). 
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TABLE 3 
Mean incidence of rib abnormalities per 100 adults 


The findings in Samoans are compared with those in each of three non-Samoan populations. i| 
The figures include all abnormal ribs regardless of whether they occurred as unicostal or 


multicostal abnormalities. 


Teepe BSW 
ribs 

Samoans 9.4 
Cincinnatians 2:2 
Mixed Europeans? 1.81 
Scottish 2.5 


1 Approximate figures are compiled from comments and tables from Pionnier and 


Depraz (756). 


2 Differences in methods of detection make figures not comparable to ours. 
3 Figures not available. Other expressions are explained in the text. 


TABLE 4 


Distribution of 76 unicostal BSW! ribs which occurred in 500 male and 500 female adult 
Samoans for the ribs I-VIII, right and left side, and the two sexes 


Males 
Rib Right Left 
B Ss WwW B Ss W 
I - 1 - - - - 
II - i - =- =- = 
Ill Sh 3 Pie ee ik 4 = 
IV Ga ee Bt De aw! 
Vv 3 - - 3. = 
VI 2 - - 2 t= 
VII Ss, ef a ae 
VIII Se Ss i I es 
Total by sides 27. 24 
Total by sexes 51 
Total 


1The symbols B, S, and W are explained in the text. 


Table 3 also shows that the incidence of 
rib abnormalities other than BSW were of 
the same magnitude in Samoans as in the 
other populations. Thus the incidences of 
different categories of rib abnormalities 
can vary idependently of each other. Fur- 
ther considerations are focused on the 
BSW abnormalities only. 

Out of 1,000 adult Samoans 84 had BSW 
ribs. Seventy-six had unicostal and 8 had 
multicostal BSW abnormalities. A mean 
of 9.4 BSW ribs occurred per 100 sub- 
jects. The distribution of the BSW abnor- 
malities is shown in tables 4 and 5. 

Table 4 shows the distribution ratio for 
unicostal BSW ribs between males and fe- 
males was 2.04. The significance of this 
sex difference as estimated by the Chi 
square test was at the 1% level of P. Table 
5 shows no difference in the sex distribu- 
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Females 

Total 

Right Left BSW 
ribs 

B Ss WwW B Ss Ww 
- 1 - _ - _ 2 
- - - 1 - =— 2 
) - 2 2 1 i. 21 
5 2 - P? — 2 35 
=— - - 2 = - 9 
al - - - = - 6 
_ = - = - - ul 
14 11 
25 

76 76 


Categories of rib abnormalities 


Synostoses Agenesis pe thoe al | | 
0.0 0.4 0.6 | 
0.3 0.2 0.7 
0.41! 0.471 n.c.2 

+3 43 43 


tion for multicostal BSW abnormalitie? 
The series of multicostal BSW abnorma 
ities was small as compared with the u 
costal series. 

The combined figures of tables 4 and 
show 44.7% of the BSW abnormalities 0) 
curred in rib IV, 25.5% in rib III, ar 
29.8% in the remaining six ribs. 

Table 6 shows the relative incidence « 
combined unicostal and multicostal r 
abnormalities in adult Samoans. 

Table 6 shows the distribution ratio 
tween males and females was 1.89 for 
first and 1.76 for the second column. 
significance of the sex differences as es; 
mated by the Chi square test was at #1 
1% level of P in both columns. 

Table 7 shows the distribution of 
BSW ribs in the Cincinnatian series. 
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TABLE 5 


Distribution between the ribs II-VII, right and left side, and sexes of 18 BSW! ribs which 
occurred as multicostal abnormalities in 4 male and 4 female subjects in a 
population sample of 500 male and 500 female adult Samoans 


Si ° Male subject Female subject Total 
ide and rib — a per 
No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 rib 
Right II _ — — — Ss — — B 2 
Right III _ —_ — Ss — — — B 2 
Right IV — Ss W — —_ B — S 4 
Right V B — — —_— — — B — 2 
Right VI — — — — — —_ B — 1 
Left III —_ B — — —_ — _- — 1 
Left IV Ss — iS) — B — — _— 3 
Left V S — — — — —_ — — 1 
Left VI — — — B — — — — 1 
Left VII — — — — — B — — 1 
Total 9 9 18 


Proportion of subjects 


1 The symbols B, S, and W are explained in the text. 


TABLE 6 


Relative incidence of BSW ribs in adult Samoans 


Mean incidence of 


Males 
Rib Right Left 
B Ss WwW B Ss WwW 
—S: 

II ae a 
III - - 2 3 - - 
IV Fs il 1 - 

Vv - = = sl ar 
Total by sides 6 7 
Total by sexes 13 
Total 2.) 


Sex having BSW abnormalities BSW ribs per 100 subjects 
Males 11.0% 12.0 
Females 5.8% 6.8 
Combined sexes 8.4% 9.4 
TABLE 7 


Distribution of 22 unicostal BSW! abnormalities which occurred in 500 male and 500 
female adult Cincinnatians for the ribs II-V, right and left side, and the two sexes 


Females 
Total 
Right Left BSW 
a ee ribs 
B S> eal, B Ss WwW 
-- 1 - - 1 - 3 
1 - - i 1 i 9 
2 al - - 9 
= — = = - - 1 
5 4 
9 

22 


Table 7 shows 2.2% of the Cincinnatian 
“series had unicostal BSW abnormalities 
with 2.6% for the males and 1.8% for 
e females. No multicostal BSW abnor- 
alities were detected. No BSW abnor- 
alities were found in ribs I, VI, VI, and 
WWIII. Otherwise the distribution patterns 

f table 7 show similar trends as those 
table 4. Such differences as do appear 
ipetween distribution patterns of the two 
ables cannot be interpreted because of the 
‘small numbers in table 7. 


1The symbols B, S, and W are explained in the text. 


In the Cincinnatian series 6 male and 8 
female Caucasians against 7 male and one 
female Negro had BSW abnormalities. A 
discussion of this distribution would be 
beyond the scope of the present study. 

The incidence of BSW ribs was also 
studied in two additional Samoan age 
groups, namely children and adolescents. 

The findings are shown in table 8, and they 
are compared with those of Samoan adults 
in table 9. 
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TABLE 8 


Incidence of BSW abnormalities in Samoan children less than 10 years old and in Samoan 
adolescents 10-20 years old 


Children 
< 10 yrs. old 
Sex Subjects 
N1 having 
BSW ribs 
Males 160 5 

Females 130 33 
Combined sexes 290 83 


a eee aa 


1 Number of subjects screened. 


2 Four of these subjects had multicostal abnormalities with a total of 9 BSW ribs. 
3 One of these subjects had a multicostal abnormality with two BSW ribs. 


TABLE 9 


Proportion of subjects having BSW abnormalities in each of three age groups of Samoans, 
and (in parentheses) mean incidence of BSW ribs per 100 subjects 


Children Adolescents Adults 
Sex < 10 yrs. old 10-20 yrs. old > 20 yrs. old 
% % % 
Males 3.12(3.12) 9.0( 10.66) 11.0( 12.0) 
Females 2.31(3.08 ) 4.0(4.0) 5.8(6.8) 
Combined sexes 2.75(3.10) 7.0(8.0) 8.4(9.4) 


Table 9 is based on the figures of tables 
6 and 8. It shows the incidence of BSW 
ribs in all categories of children is con- 
siderably smaller than in the correspond- 
ing categories of adults. For both males 
and combined sexes the differences were 
significant at the 1% level of P by the Chi 
square test. 

The population sample of the children 
included 56 children less than two years 
old, but we did not detect any BSW ribs in 
their chest films. 

Of the 116 BSW ribs in the adult 
Samoan and Cincinnatian population sam- 
ples, 114 originated in the ventral half of 
ribs and only two, both of them in 
Samoans, in the dorsal half. One of the 
latter was a widening, apparently on the 
entire right rib V, and suggested a modified 
development of duplication of that rib. 

There did not seem to be any correla- 
tion between BSW ribs and any other 
disorder (Rist et al., 28). Among the 
1,790 Samoans of all age groups we found 
the following rare conditions: a duplica- 
tion of the right rib IX in a healthy 17- 
year-old male, a duplication of the right 
rib VIII in a newborn female who was 
debilitated and died four days after birth, 
and a neo-arthrosis between the dorsal 
thirds of the right ribs VI and VII in a 
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Adolescents 
10-20 yrs. old 
Subjects Number 
De Bow N nevi of BSW 
ribs BSW ribs ribs 
5 300 Q72 32, 
4 200 8 8 
9 500 352 40 


6-year-old female. One of the carriers 
BSW ribs was a 25-year-old male who ha 
cleft palate and mental deficiency. 


DISCUSSION 


Abnormalities of the ribs, sternum, an 
vertebrae are caused by a variety of mec 
anisms, e.g., lumbar and cervical ribs re 
sult from incomplete resportion of emb: 
onic ribs (Todd, 711); Warkany (751) ok 
served a variety of congenital deformiti 
of ribs in animals born from mothers wh 
had nutritional deficiencies during the: 
pregnancy; vitamin deficiencies may caus 
the human ribs and sternum to acquire al 
normal shapes after birth (Weinmann a 
Sicher, 55); occupational hazards inhe 
ent to a pattern of culture and supe 
posed perhaps on hereditary factors a1 
thought to cause the high incidence ¢ 
spondylolisthesis in some Eskimo grou 
(Stewart, 53); abnormal contours 
general development of the human 
I are interrelated with abnormal morph 
ogy of soft structures in the vicinity, 
in general morphologic features of 
bone are related to neighboring parts ¢ 
the skeleton (Todd, 712). 

The factors which are involved in 
formation of BSW ribs in general and : 
their high incidence among Samoan adu 


Nn particular are unknown. It is also un- 
xnown whether all BSW ribs are caused by 
one and the same set of factors. 

On the grounds of analogies one could 
speculate about them as follows: 
Congenitality. BSW ribs are commonly 
teferred to as congenital. However, we 
sould not find in the literature that any 
attempt has ever been made to investigate 
whether the condition is present at or de- 
relops after birth. From the figures in 
tables 8 and 9 it appears that BSW ab- 
1ormalities may not be present at birth. 
dowever, they may escape recognition in 
fants and children. Screening of chest 
S may not be an adequate technique 
for detecting BSW ribs in children, as 
spurs on ribs may be too small to be 
noticed. Terminal clubbing of ribs is com- 
non in Samoan children, but we cannot 
letermine which have the potentiality of 
»necoming BSW ribs at a later date. BSW 
structures which may be present but not 
yet calcified do not show on the routine 
-ray film. 

u@ Commenting further on table 9, a cor- 
elation between incidence of BSW ribs and 
‘hange in age would be acceptable in a 
ross sectional study only if changes in 
mother independent variables did not inter- 
dere with the population in an unpredict- 
able manner. Such interference is sus- 
impected in the Samoans, since they are in a 
iptate of rapid change in many sectors of 
igife, such as nutrition, medical care, oc- 
ieupational habits, and communications. 
The effect of these changes on the for- 
gmation of BSW abnormalities can be as- 


‘ 


iN 
ps 


@ Whatever the comments may be, neither 
the literature nor our tables 8—9 present 
any evidence for BSW ribs being con- 


Genetic factors. The high incidence of 
an abnormality in a fairly homogenous 
population and a 2:1 distribution between 
limales and females suggest a sex-influ- 


sbaucity of its contacts with other races 
‘rior to the year of birth of the youngest 
(pf our adult subjects suggest environment- 
jially induced endogamy as an additional 
factor. Unfortunately, the local conditions 
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made attempts to establish genealogic 
trees unsuccessful, and the possibility of 
genetic patterns in the occurrence of BSW 
ribs could not be explored.” 

Infectious, metabolic, or mechanical 
trauma. A number of infectious and 
parasitic diseases in all age groups and 
primary and secondary nutritional defici- 
encies in infancy and childhood are 
endemic in Samoa.*® It is unknown if any 
of them, or mechanical stresses and in- 
juries by occupational habits or unsus- 
pected rituals inherent to the Samoan cul- 
ture, may cause BSW ribs. It is also 
unknown whether exposure of pregnant 
mothers to any of the above categories of 
trauma may cause BSW ribs to develop in 
the fetus or child (Cohn, 32). 

Hypothesis of sternal developmental ab- 
normalities. There is no evidence for 
bifidity, increased width, or spurs being 
caused by factors within the ribs. Todd 
(712) showed abnormal processes in the 
vicinity of ribs can cause the ribs to de- 
velop into abnormal shapes. Mayet (1895) 
showed abnormalities of growth rate oc- 
cur sometimes in the sternum. It can be 
speculated that this may affect the shap- 
ing of true, vertebrocostal ribs in the fol- 
lowing manner. During a period of devel- 
opment the longitudinal growth rate in a 
portion of a sternal bar may significantly 
exceed the normal growth rate of the width 
of the corresponding rib. The soft tissues 
of the rib and its cartilage would then be 


2 Birth registers in Samoa are unreliable; adop- 
tion (Mead, ’28) still plays an important role in 
the Samoan culture, and the natives are either 
unable or unwilling to distinguish relationship 
by birth from that by adoption. Information 
given by Samoans is customarily based on ex- 
pediency and often contradictory and an appar- 
ently high degree of promiscuity makes infor- 
mation about mates unreliable. All these factors 
make the value of genealogic investigation by 
interview doubtful. 

3 Yaws which used to be highly endemic (index 
about 100%) was eradicated with a penicillin 
campaign in 1947/49 in those islands which are 
under American administration, and similar ac- 
tion was under way about 8 years later in the 
islands under New Zealand administration. In- 
testinal parasitism, predominantly ascariasis, is 
still highly endemic, and so is filariasis Ban- 
crofti, though in recent years blood filaria is 
becoming rare in the urban area of Pago Pago. 
A kwashiokor-like nutritional deficiency is prev- 
alent. Its incidence is said to fluctuate with time 
and locality. 
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stretched in a vertical plane, become bifid 
or abnormally wide, and later calcify in 
this shape. The mechanics involved may 
recall those which sometimes cause ribs 
to regenerate in bizarre shapes after chest 
operations. The following observations 
are consistent with this hypothesis: 

(1) BSW abnormalities lie in the plane 
of the thoracic wall and seem integrated in 
its functions. (2) The forms which are 
variously described as “fanning,” “flaring,” 
or “en spatule” are particularly revealing. 
They consist of a spatula-like widening of 
the terminal inch or so of the rib at the 
costochondral junction (cf. fig. 6). This 
fanning is in some cases just a widening 
of the rib, but in other cases it shows all 
degrees of transition to bifidity. The fan- 
ning suggests that the terminal perichon- 
drium, periosteum, and soft tissues of the 
rib were spread in a vertical plane when 
they were still uncalcified. This process 
may have taken place for a relatively short 
period during the development of the sub- 
ject and been followed by a period of nor- 
mal growth and calcification of the rib 
tissue. The later in life the spreading 
occurs, the closer to the costochondral 
junction the BSW abnormality would be in 
the adult. (3) The finding that the origin 
of BSW abnormalities is located mostly in 
the ventral half of the rib, and only very 
rarely in the dorsal half, points also at a 
sternal factor in the formation of these ab- 
normalities and is consistent with the view 
that a proportion of them develop in child- 
hood and puberty. 

The hypothesis postulates that the longi- 
tudinal growth rate of the portion of the 
sternal bar opposite the potential BSW rib 
is significantly greater than the rate in 
adjacent portions of the sternal bar. Such 
localized imbalances in sternal growth 
rates may be either genetically controlled 
(Ashley, 56) or caused during the post- 
natal development by metabolic (Herdner, 
°47) or mechanical trauma. 

The finding of a bifid rib VIII in an adult 
Samoan suggests that mechanisms which 
are not controlled by sternal factors may 
also cause BSW abnormalities. It can be 
also speculated that abnormal sternal 
growth events may enhance the penetrance 
(Kiihne, ’34) of an heritable trait of du- 
plication of ribs. 


EDGAR J. MARTIN 


Conclusions. The causes and mecha 
isms of formation of BSW ribs ar 
unknown, and the findings that this abno} 
mality occurs in adult Samoans signif 
cantly more frequently than in other adui 
populations remains unexplained. Thy 
working hypothesis that a proportion « 
BSW abnormalities may be related to al 
normal events primarily taking place ij 
the sternum may be useful in future ir 
vestigations. The investigations shoul 
focus on factors affecting the developmer} 
of the sternum. The frequency distriby 
tion of the BSW abnormality suggests 
further narrowing of the area to be in 
vestigated, namely the sternal portion 
which are opposite or adjacent to thi 
sternal joints of ribs III and IV, the factos 
which concern males more than female 
and the factors which occur in childhom 
and puberty rather than in infancy a 
fetal life. Techniques other than routin 
chest films will be required for such an i 
vestigation. 

There is also the possibility that basié 
ally we are dealing with an incomplete du 
plication of the ribs that is genetica 
controlled. An investigation of this aspee 
of the problem must, however, await 
time when dependable family pedigree 
can be assembled and analyzed. 


SUMMARY 

Bifid ribs (B), spurs on ribs (S), a 
wide ribs (W) are thought to be a series « 
morphologic modifications of one abno 
mality and are called BSW ribs here. Che: 
films of 1,000 adult Samoans showe 
8.4% of this population sample have BSV 
ribs, 11.0% of the males and 5.8% of th 
females. Some of the abnormalities o: 
curred multicostal, and the mean incié 
ence of BSW ribs was 9.4 per 100 subjectt 
12.0 for males and 6.8 for females. Theg 
figures are significantly higher than thos} 
in American and European poulation sar 
ples. Statistics on BSW ribs must fk 
treated separately from those of othe 
categories of rib abnormalities. 

There is no evidence as to whetl 
BSW ribs are present at birth or devele 
later in life, and the factors involved i 
their formation are unknown. The poi 
sible role of genetic, epidemiologic, nuts 
tional, and cultural factors in the caus; 


ion of the high incidence of BSW ribs in 
jamoans could not be investigated. 

It is speculated that BSW abnormalities 
«re not necessarily caused by growth fac- 
ors within the ribs. In the true ribs they 
ay result from the stretching, in a ver- 
ical plane, of the distal soft rib structures 
when longitudinal growth of portions of 
jhe sternum occurs at uneven rates tem- 
Worarily. Such events may occur during 
jpostnatal life rather than during fetal life. 
Juture investigations should use _tech- 
j other than the screening of 
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The lowlands along the coast of south 
New Guinea, between the Charles-Louis 
mountains and the Eilanden River are in- 
habited by tribes, speaking languages that 
e related to each other. Drabbe (753) 
mentions three different language groups: 
he Kamoro-, the Sempan and the Asmat 
anguages. 

The Kamoro language is spoken from 
he Opa River (134° 45’ Eastern Length) 
jintil the Karamuga River (137° Eastern 
ength). The number of Kamoro speak- 
ng Papuans is about 7,000—8,000. Drabbe 
listinguished 6 different dialects within 
jhis language. Often the Kamoro region 
s called the Mimika district, the mouth of 
e Mimika River being the government 
enter of the region. East of the Kamoro 
jegion a few small tribes (about 900 
Papuans) speak the Sempan language, 
which is related to the Kamoro language. 
last of this we find another related lan- 
age, the Asmat language. This Asmat 
ilegion is situated between the Helwig River 
tnd the Kampong River. It is not known 
ow large the population is, but it is at 
j2ast 20,000. The Asmats are cannibals, 
whereas the Western Kamoros are not. 
Vhey live in a closed village-community. 
¥Vhere has been only little contact between 
e different villages. Family relationships 
lo exist with members of other villages 
lue to the stealing of women and children 
‘when opportunity occurs. The greater part 
‘if the people however marry partners from 
jheir own village. 


MATERIAL AND METHODS 


} One hundred and fifty-two blood sam- 
Mes were taken in the village of Sjoero, 
hhext to Agats at the Flamingo Bay. When 
he blood was collected the village counted 
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688 inhabitants. It was tried to avoid 
taking blood samples from closely related 
persons. For the techniques of taking and 
transporting blood may be referred to a 
previous paper (de Vries and Nijenhuis, 
60). The Asmat blood samples had to be 
sent by boat to Merauke and were trans- 
ported by air via Hollandia and Biak to 
Amsterdam. It was not always possible 
to replace the ice in the container when 
it was melted. 

Blood group tests were performed in 
Amsterdam 10 and 11 days after taking 
the samples. By that time most of the 
samples were beginning to hemolyse, how- 
ever only 5 samples gave panagglutination 
and had to be eliminated. Tests were done 
with the following antisera: anti-A, -B, 
-A+B, -M, -N, -P, anti-C, -c, -D and -E, 
100 samples were tested with anti-Fy’, 105 
with anti-He and 90 with anti-S. 


RESULTS 


The observed frequencies are listed in 
the tables. The following observations are 
striking. The high A and B frequencies, 
the very low M frequency and especially 
the very high frequency of CDe. 

As in previous studies with Papuans (de 
Vries and Nijenhuis, 60) no Duffy nega- 
tives and Henshaw positives were observed. 
The P-frequency is about the average that 
has been found so far in New Guinea. The 
percentage of S-positives is higher than 
has been found in other parts of Dutch 
New Guinea (de Vries and Nijenhuis, ’60 


1 Biologist, Central Laboratory of the Nether. 
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| 
TABLE 1 | 
| 
- #| 
Observed Expected . 
— — Gene-frequencies | 
Number % Number % 
% 
O 35 23.81 35.0 23.8 48.8 
A 55 37.415 55.1 37.5 A 29.5 
B 38 25.85 38.1 25.9 21.7 | 
AB 19 12.925 18.8 12.8 
Totals 147 100.00 147.0 100.0 100.0 
M (¢) 0.00 0.1 0.1 M 2.72 
MN 8 5.44 7.8 5.3 N 97.28 
N 139 94.56 139.1 94.6 
Totals 147 100.00 147.0 100.0 100.00 
MMS 0 0.0 0.00 0.00 MS 0.0 
MMss 0 0.0 0.13 0.15 Ms 3.9 
MNS 1 Ata L 0.52 0.58 NS 7.5 
MNss 6 6.7 6.22 6.91 Ns 88.6 
NNS 12 13.3 12.47 13.86 
NNss 71 78.9 70.65 78.50 
Totals 90 100.0 89.99 100.00 100.0 
P+ 86 58.5 P 35.6 
P— 61 41.5 p 64.4 
Totals 147 1000 100.0 
CCDee 145 99.3 CDe 99.66 
CcDE 1 0.7 cDE 0.34 
Totals 146 100.0 100.00 
Fy(a+ ) 100 100.0 Fy? 100.0 
Fy(a—) 0 0.0 Fy? 0.0 
Totals 100 100.0 100.0 
He+ 0 0.0 
He— 105 100.0 
Totals 105 100.0 


and Simmons, Graydon, Semple and Swin- 
dler, 56) but lower than in Australian 
New Guinea where, except in the Gorokas 
of the central highland, always more than 
10% of S-genes were found (Simmons et 
al., 56). When comparing the results of 
the Asmats with those of other Papuan 
populations, similarities with some parts 
of the south coast of Australian New 
Guinea were observed (Simmons, Graydon, 
Woods, Smith and Lancaster, *46). 


Daru and Kikori (gene frequencies): 


A 18.2% 
B 19.6% 
O 62.2% 
M 3.9% 
N 96.1% 


Daru, Kikori and others: 


High frequencies of B, N and CDe ha’ 
also been found here. High CDe, A and 
frequencies were also observed in Chiml 
Papuans from the Central Highlands — 
Australian New Guinea (Semple, Si 
mons, Graydon, Randmae and Jamiesa 
06). When comparing the ABO frequ 
cies in the Asmats with other south coz 
populations of Dutch New Guinea, | 
seems, that Bylmer (’35) also found § 
high A frequency (29.3% ) in the Mimi 
district (Kamoro). However the B- 


uency is much lower, only 9.9%. East of 
jsmat, in Merauke, Kalthofen (cited by 
ylmer, ’35) found low frequencies for 
joth genes A and B (14 and 11% ). When 
omparing however the Asmats with the 
-her Papuan populations the possibility 
tust be considered that the extreme fre- 
encies observed in Sjoeroe may be at 
ast partly due to genetic drift or other 
auses. 

SUMMARY 


One hundred forty-seven blood samples 
om the village Sjoeroe in the Asmat 
gion of south west New Guinea were 
sted for blood group frequencies. The 
esults show very extreme frequencies for 
me blood groups. Very high frequencies 
? the genes A, B, N and CDe were ob- 
rved. 
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The Nimboran district of Dutch New 
uinea in the western part of the Grime- 
lain, is inhabited by some thousands of 
Papuans. The Grime-plain is situated 
south west of Lake Sentani and Hollandia. 
The foundation of the administration 
und mission in this area took place in the 
‘years of 1917-1925. The population is 
subdivided into a great number of little 
lans (“tangs”). Before the pacification 
ach of those tangs inhabited its own, 
Yortified village, mostly situated on top of 


q 


in Part I. 
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the hills south of the Grime-plain, each 
consisting of about 20-30 families. People 
do not marry within their own tang and 
each tang has family relations with a great 
number of other tangs. Formerly friendly 
relations existed with the eastern tribes 
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Fig. 1 Dutch New Guinea; districts referred to in the paper. 1, Sentani: referred to in 
Part I, III; 2, Sekori: referred to in Part I, III; 3, Asmat: referred to in Part II; 4, Nimboran: 

~ referred to in Part III; 5, Biak (Schouten Islands): referred to in Part I; 6, Wissel lakes: 
referred to in Part I; 7, Mimika district: referred to in Part I, II; 8, Jafi district referred to 


193 


194 


(Gressie, Kamtuk, Mungge) while the 
Nimborans and their Western neighbors 
(Japsi, Sawé) lived in constant hostility. 

Except for little differences between 
groups of tangs the Nimborans are an 
entity in many respects. This must prob- 
ably be the reason why they claim a col- 
lective descent from an ancient Gressie 
Settlement in Nimboran. However it is 
more probable that the Nimboran popula- 
tion originates from intensively mixed ele- 
ments from several tribes. 


MATERIAL AND METHODS 


In December, 1957 a serological investi- 
gation for yaws was performed. When col- 
lecting the blood, from 132 samples 4 
drops were added to 0.5 ml Rous-Turner 
citrate-glucose solution. These blood sam- 
ples, meant for blood group research, were 
stored in a refrigerator until they were 
packed in a thermos flask with ice for 
transportation by air. When collecting 
the material close family relations were 
avoided; this has been successful in the 
first degree and in all probability also in 
the second degree. 

Blood groups were determined in the 
laboratory in Amsterdam 14 days or less 
after collecting the blood. Five samples 
were not used because of a weak auto- 
agglutinability of the red cells. 


RESULTS 


Tables 1—4 show the frequencies of the 
blood groups observed in the remaining 
127 blood samples. The samples that were 
found to react positively with anti-A serum 
were also tested with anti-A:. Though 
some blood samples gave only weak reac- 
tions with this serum no negatives (A: or 
AB) were found, as could be expected 
from a Papuan population. 

Ten negative reactions were found with 
anti-D, used in the saline technique. About 
the same number of samples gave a weak 
reaction. The negative ones were re-ex- 
amined with an incomplete anti-D serum 
that was known to have a high activity 
when used in the Coombs technique, 
against D" antigens. In this way all these 
10 samples proved to carry a D" antigen. 
The occurrence of D* antigen has been 
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discussed more extensively in a previouj 
paper (de Vries and Nijenhuis, ’59). | 

When comparing the observed frequer! 
cies with those of other populations of th 
same area, the Nimborans show significan 
differences with the Sentani papuans & 
well as with the inhabitants of the Seko} 
plain (table 5). The differences in thi 
frequencies of the ABO blood groups arj 
not significant (x® 2.09 and 3.91 for | 
d.f.); whereas in the MN and the Rhesu| 
systems significant differences were ol} 
served. 


x? 15.46 for 1 d.f. P 
¥2 19.97 for 1d £. P 


Rhesus 
a 
@ 


x2 19.30 for 3 d.f. P < 0.14| 
we 6.06 forldf.P <2 §$| 


Nimboran-Sentani 
Nimboran-Sekori 


Nimboran-Sentani 
Nimboran-Sekori 


Though the differences are significan 
it seems that Nimboran and Sekori hay 
the same tendencies especially in the Ri 
systems: a very high percentage of CDi 
very little cDe and low or very low cD 
frequencies. As the population of such | 
small region is heterogeneous, it does n 
seem opportune to make comparisons wit} 
populations of completely different pars 
of New Guinea before much more is know 
about the distribution of the blood grouy 
all over New Guinea. 


SUMMARY 


Blood group frequencies were dete 
mined in 127 unrelated Nimboran Pap) 
ans. The results are given in the tak 

1—4. A rather high frequency of D" was 
served. Comparing the observed freque: 
cies with those of some neighborin 
populations the differences proved to | 
significant in the MN and Rh systems. | 
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TABLE 1 
Observed Expected 5 
Rhiacnen % TNS a ro Gene frequencies 
0 ee ey a es ee a Se A ee ae ee a 

59 46.5 59.4 46.8 a 
49 38.6 48.5 38.2 O 68.4 
15 11.8 14.3 11.3 A 23.8 
4 3.15 4.7 3.7 B 7.8 
127 100.05 126.9 100.0 100.0 


TABLE 2 
Observed Expected 
a Gene frequencies 
Number % Number % 
% 
0 0.0 0.07 0.06 i: 
6 4.7 5.95 4.68 M 2.4 
121 95.3 120.98 95.26 N 97.6 
127 100.0 127.00 100.0 100.0 
(0) 0.0 
(0) 0.0 
10) 0.0 MS 0.0 
6 5.6 Ms 2.8 
0 0.0 NS 0.0 
101 94.4 Ns 97.2 
107 100.0 100.0 
TABLE 3 
Observed 
SS Gene frequencies 
Number % 
% 
P+ 69 56.1 P 33.8 
P— 54 43.9 p 66.2 
Totals 123 100.0 100.0 
TABLE 4 
Observed Expected : 
Cee an eS Gene frequencies 
Number % Number % 
% 
107 81.9 104.2 82.1 
2A 16.5 20.8 16.4 CDe 90.6 
1 0.8 0.9 0.7 cDE 9.1 
1 0.8 1.05 0.8 cDe 0.4 
127 100.0 126.95 100.0 100.1 
TABLE 5 
Gene frequencies 
O A B M N CDe cDE cDe 
72.4 18.9 8.7 11.0 89.0 80.4 12.1 to 
59.9 29.9 10.2 9.7 90.3 95.7 4.3 0.0 
68.4 23.8 7.8 2.4 97.6 90.6 9.1 0.4 
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Sephardic Jews are the descendants of 
the Jews who were expelled from Spain 
n 1492 and from Portugal in 1497, and 
who settled in all parts of the Ottoman 
)impire. ; 

There is no definite proof of the exist- 
ence of Jews in Spain in the early centur- 
‘es of the Christian Era (Baer, ’43). From 
he official prohibition proclaimed at Illi- 
eris in A.D. 306, it may be deduced, that 
n the time of the Vandal and Visigothic 
‘ule there were already Jewish settlers in 
Spain, who lived in peace with the Gentiles 
and even intermarried. 

Later, after the Arab conquest, many 
Wews of Asia and Africa, who had served 
n the Arab armies, settled in Spain. Part 
% Castile, for example, was conquered 
vy Berber Jews of Morocco, under the 
| iene of Kaulan al-Yahudi (Mezan, 
_ There was also emigration. The fre- 
jjuent persecution of the Jews in Spain 
uring the Arab rule often ended with part 
‘pf them emigrating to North Africa. Large 
scale migration commenced with the mas- 
acres and persecutions of 1391, which 
jwere followed by forcible mass conversions 
‘jn 1412 to 1415. 

| The total expulsion of Spanish Jewry in 
11492 followed by those from Portugal in 
1497, caused an overflow of Jewish migra- 
lion into, southern France, Holland, Italy, 
orth Africa, Turkey and Asia Minor. 

| With so extensive geographical and 
‘political distribution, with “their thirst for 
‘knowledge together with the fact that they 
fussociated freely with the outer world” 
{ Kayserling, ’05) it was only natural that 
he character of the cultural, economic 
nd social life of the Sephardic Jews de- 
Veloped great heterogeneity (Neuman, 
(43). . ; 
| Nevertheless there were certain common 
lraits of language, religious customs and 


| 


“general demeanor. 
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In all parts of the 
world they retained “Ladino” (Judaeo- 


Spanish) as the language of speech and as 


a literary medium. Wherever they settled 
they retained their own customs and religi- 
ous traditions, which often differed from 
the practices of the indigenous Jewish 
communities. They founded their own 
congregations and communal organiza- 
tions. Social prestige and intense self- 
consciousness caused the Sephardim to 
keep aloof from their fellow Jews of Ger- 
man or Polish origin and there was little 
intermarriage with them. 

The present study is concerned with 
Sephardic Jews from the Balkan countries 
who came to Israel between the years 
1949-1957. 


METHODS 


The methods of blood group typing and 
the antisera used are as previously de- 
scribed (Gurevitch and Margolis, ’55). 


RESULTS AND DISCUSSION 


The distribution of the ABO phenotypes 
and the respective genes are summarized 
in table 1. 

An interesting feature is the high fre- 
quency of the phenotype A (45% ) which 
is the highest figure so far found in the 
Jewish communities studied by us. It is 
of interest that a frequency of about 42% 
A was also found in some populations of 
the Balkan peninsula, e.g., Turks, Serbians 
and Bulgarians (Mourant, 54). 

In a previous study (Gurevitch, Hermoni 
and Polishuk, 51) the percentage of the 
O group in Sephardic Jews was found to 
be 40.5. This result may have been af- 
fected by the fact that the group studied 
was heterogeneous, including Jews from 
North Africa (Algiers, Tunis, Morocco), 
southern Europe (Bulgaria, Greece) and 
an indigenous group from Israel. 
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TABLE 1 
ABO blood groups in Sephardic Jews 
Blood No Frequency Frequency No. Gene 
group obs. observed expected ‘expected frequency 
O 59 29.50 29.34 58.68 — 
A 90 45.00 45.17 90.34 Boe aad 
B 33 16.50 16.69 33.38 . = 54.17 
AB 18 9.00 8.80 17.60 mo > 
Total 200 100.00 100.00 200.00 100.00 
TABLE 2 
MN blood groups in Sephardic Jews 
Blood No. Frequency Frequency No. Gene 
group obs. observed expected expected frequency 
MM 20 15.00 25.00 50.00 a 
MN 140 70.00 50.00 100.00 es 
NN 30 15.00 25.00 50.00 = 
Total 200 100.00 100.00 200.00 
TABLE 3 


MN blood groups in two Sephardic subgroups 


£. MARGOLIS, J. GUREVITCH AND D. HERMONI 


Phenotypes (no. ) 


Phenotypes (% ) 


No. 

obs. MM MN NN MM MN NN 
From Turkey 112 13 82 ge 11.60 73.20 15.20 
From Bulgaria 70 10 48 12 14.30 68.60 17.10 


In the present study the frequency of the 
O phenotype is rather low (29.5% ), in 
comparison with the figures obtained for 
Moroccan (37.7% ) and Tunisian Jews 
(39.5% ). If it is assumed that the high 
group O frequency indicates a Berber in- 
flux in these Jewish communities, it may 
be that this North African component has 
penetrated only to a limited extent, in spite 
of the frequent contact over the cenuries. 

The phenotype B was found in Seph- 
ardic Jews at a frequency of 16.0% which 
is lower than that encountered in the popu- 
lation of North Africa—Berber and Arab. 
This, too, might be taken as an indication 
of less than average North African admix- 
ture. 

The M and N genes are evenly distri- 
buted in the Sephardic Jews (table 2). 
The phenotype distribution, however, 
shows an interesting phenomenon, namely 
the unusually high percentage of 70 for 
the MN phenotype. These results are con- 
firmed by separate examination of the two 
main subgroups. As may be seen from 
table 3, the percentage for the MN pheno- 


type was 73.20 in Sephardic Jews fro 
Turkey and 68.60 in Sephardic Jews fron 
Bulgaria. In this respect the Sephardin 
stand out from the other Jewish con 
munities so far studied. Whether this : 
heterosis and thus a reflection on 
heterogeneity of the Sephardic Jews d 
veloped in their cultural, economic an 
social life, remains a problem open ti 
speculation. 
Table 4 shows the distribution of th 
blood groups of the Rh-Hr system. 
The highest figure was obtained for 
CDe, the so-called “Mediterranean” chre 
mosome (45.75), which was characterii 
tically high in all Jewish communitie 
studied by us (Margolis, Gurevitch a 
Hasson, 57). The same observation wé 
stressed by Mourant (754) and suggest 
the common Mediterranean origin of 
Jewish people. 
The chromosome cde follows with a hig? 
frequency of 26.57% . This chromosome ? 
found more in the heterozygous state 
while the homozygous ccddee phenotyy 
is infrequent (7%) as found in som 
Oriental Jewish communities, e.g., Bag 


4 


Blood No. Frequency 
group obs. observed 
CCDE 2 1.00 
CCDee 54 27.00 
CCddE — — 
CCddee — — 
CcDE 21 10.50 
CcDee 70 35.00 
CcddE — _— 
Ccddee 6 3.00 
ccDE 18 9.00 
ccDee 14 7.00 
ccddE 1 0.50 
ccddee 14 7.00 
Total 200 100.00 


jladi, Kurdistani and Persian Jews (Gure- 
vitch and Margolis, 55; Gurevitch, Hasson 
and Margolis, 56). The high level of cde 
nay be due to the acquisition of a Basque 
fomponent or of a Berber component from 
(North Africa (Mourant, 54). 

| The chromosome cDe, characteristically 
nigh in all populations of Africa (Mourant, 
04), was found in the Sephardic Jews to 
e 11%. This is somewhat higher than 
that encountered in Moroccan and Tunis- 
‘han Jews (Margolis, Gurevitch and Hasson, 
57). How has this chromosome penet- 
rated the Sephardic stock? According to 
IMourant (’54) this component was pre- 


ao other indications were found to sug- 
west the permeation of considerable North 
African elements in Sephardic Jews. 


SUMMARY 


' ABO, MN and Rh-Hr blood group fre- 
“yuencies in 200 Sephardic Jews from the 
“Balkan States are reported and compared 
‘with findings in other Jewish communities 


Israel. 
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TABLE 4 
Rh-Hr blood groups in Sephardic Jews 
a ee ee es ee ae a 


Frequency No. Chromosome 
expected expected frequency 
0.96 1.92 
26.03 52.06 
0.31 0.62 CDE 0.93 
11.22 29.44 oe ee 
35.61 71.22 : ; 
0.10 0.20 cDE - 9:25 
2.96 5.99 cdE 0.94 
8.19 16.38 cDe_ 11.01 
7.06 14.12 he 20-57 
0.51 1.02 
7.06 14,12 
100.01 200.02 100.00 
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| The term Ashkenazim is used to denote 
me of the great divisions of Jewry in con- 
radistinction to the Sephardim (Spanish 
ews) and the Oriental Jews, from whom 
hey differ in many respects. 

| The Ashkenazim include the descend- 
ints of the German and French Jews, who, 
fter the crusades and subsequent persecu- 
jions in Germany and after the expulsions 
from France, migrated into Prussia, Po- 
nd, and other countries of northern, cen- 
ral and eastern Europe, as well as the 
\najority of Jews now residing in the 
Americas, England and South Africa. 
Anthropologically the Ashkenazim differ 
rom the Sephardim and their oriental 
brethren: they have a larger proportion of 
ylonds, have rounded faces and heads and 
e shorter especially in comparison with 
he Sephardim. 

Ashkenazim originally spoke middle- 
igh German, which later remained ex- 
slusively with the Jews who were shut up 
n the Ghetto, and was afterwards carried 
yy migratory Jews into Poland, Russia and 
astern Europe. In course of time this 
fudaeo-German became interspersed with 
Hebrew and Slavonic words, and it sur- 
Wives to this day in the form of Yiddish 
Revel, 39). 

| The present study is concerned with 
\Ashkenazim from Europe who immigrated 
{nto Israel during the years 1949-1957. 


METHODS 


' The methods of blood group typing and 
hntisera used in the present study were 
the same as previously described (Gure- 
7itch and Margolis, *55). 


RESULTS AND DISCUSSION 
_ The distribution of the ABO blood groups 
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obtained in a previous study (Gurevitch, 
Hermoni and Polishuk, ’51). 

The Ashkenazi Jews are characterized by 
a very high frequency of the phenotype A— 
40.22%. Of the 8 oriental Jewish com- 
munities already examined by us, none 
reached this high level. In the Yemenite 
Jews, for example, only 30% of A group 
has been found. In the Cochin region of 
India, the so-called “black Jews” have a 
very low A group percentage, 14.9%. On 
the other hand, a 45% frequency of A 
group has been recorded in Sephardic 
Jews (Margolis, Gurevitch and Hermoni, 
in press ), which is close to the figure found 
in Ashkenazim. 

The Jews examined in Canada (Chown, 
Peterson, Lewis and Hall, ’49), probably 
mainly Ashkenazim, have A and B gene 
percentages of 29 and 11, which are also 
close to the figures cited in table 1. Raised 
A and B levels are considered characteris- 
tic for the European Jews (Mourant, ’54). 

The frequency of the O gene in Ash- 
kenazim was found to be 61.70% and thus 
they should be included in the 60-65% 
zone, to which large parts of Europe be- 
long (Mourant, 54; Manuila, ’56). 

The figures for the M and N genes 
(table 2) are 53.55 and 46.45 respectively, 
and are similar to those found in many 
European populations (Mourant, ’54). 

On the other hand, our figures are also 
close to the results encountered in Moroc- 
can and Tunisian Jews (Margolis, Gure- 
vitch and Hasson, 757), but differ from 
those found in most oriental Jewish com- 
munities (Gurevitch, Hasson, Margolis 
and Poliakoff, 55a; 55b; Gurevitch, Has- 
son and Margolis, ’56). 

The distribution of the Rh-Hr chromo- 
somes are listed in table 3. The figure for 
the so-called Mediterranean chromosome 
CDe is high, 52.23%, and close to the 
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TABLE 1 
ABO blood groups in Ashkenazi Jews 


C—O 


Blood No. Frequency Frequency No. Gene | 
group obs. observed expected expected frequency : 
O 177 38.06 38.32 178.19 he 
A 187 40.22 39.95 185.77 pare | 
B 74 15.91 15.60 72.54 + = 6160 
AB 27 5.81 6.13 28.50 
Total 465 100.00 100.00 465.00 100.00 | 
I ara mR a a 
TABLE 2 
MN blood groups in Ashkenazi Jews 
Blood No. Frequency Frequency No. Gene 
group obs. observed expected expected frequency 
MM 126 27210 28.68 133.36 of 
MN 246 52.90 49.75 231.34 % = ane 
NN 93 20.00 21.58 100.35 cot Sree 
Total 465 100.00 100.01 465.05 
TABLE 3 
Rh-Hr blood groups in Ashkenazi Jews 
Blood No Frequency Frequency No. Chromosome 
group obs. observed expected expected frequency 
CCDE ) 0.43 0.44 2.05 
ae tee 20.2 ge, eae CDE 0.42 
CCddee iy ee, wily ne CDe 52.23 
CcDE 59 12.69 12.07 56.13 ae yaoe 
CcDee 179 38.49 37.52 174.47 cD : 
CcddE “== as a se cDe 5.25 
Ccddee 1 0.22 0.22 1.00 ede 30.64 
ccDE 40 8.60 9.20 42.78 
ccDee 16 3.44 3.49 16.23 
ccddE — os = i 
ccddee 43 9.25 9.39 43.66 
Total 465 100.00 99.99 464.94 100.00 
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levels encountered in other Jewish com- 
munities living in the Mediterranean zone. 
In Moroccan and Tunisian Jews, for ex- 
ample, the frequency of this chromosome 
was found to be 53.40 and 56.09% respec- 
tively (Margolis and Gurevitch, 57). The 
Ashkenazim, however, have a much higher 
frequency of the so-called “North Euro- 
pean” chromosome, cDE (11.10%). Ac- 
cording to Mourant (754) this is what 
would be expected in a Meditterranean 
population which has acquired a consider- 
able local component during residence in 
central and northern Europe. Interestingly 
enough, high figures for this chromosome 
were found also in some oriental Jewish 
communities, and the question was then 
raised as to the origin of this chromosome 


in these communities (Gurevitch, Hasso 
and Margolis, 56). 

The frequency of the cde chromosom: 
is 30.64%. This is higher than the fre 
quencies encountered in most, althoug; 
not in all, oriental Jewish communitie 
(Gurevitch, Hasson and Margolis, ’56> 
The cde chromosome is relatively rare i: 
its homozygous combination, the frequenc 
of the Rh negative phenotype in the As 
kenazim being 9.39% , lower than the per 
centage found in the European countri 
which fall mostly in the 12-16% zone. | 

The Ashkenazim, with 5.25% cDe diff. 
considerably from their Sephardic (11% ~ 
Moroccan (9.45%), Tunisian (8.47% 
and Tripolitanian (9.46%) brethr 
This is not surprising if it is recalled the 


e cDe chromosome comes from African 
xr Spanish sources (Mourant, ’54). 


SUMMARY 


ABO, MN and Rh-Hr blood group fre- 
uencies in 465 Ashkenazi Jews from Euro- 
yean countries are reported and compared 
ith findings in other Jewish communities 
o Israel. 
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I'epexpan Remains, Mexico' 


This paper will not review or evaluate 
what has been written about the possible 
affinities of the Tepexpan remains in the 
{well-known work by de Terra, Romero and 
Stewart (49). It will, however, touch up- 
on three points already analyzed in that 
memoir; that is, age, stature and sex, data 
jthat are of importance for whatever final 
jinterpretation may be made of the Tepex- 
pan specimen. 

|} Due to my particular interest in matters 
f sex, stature and age in present-day hu- 
fman specimens as well as in those of a 
jeertain antiquity, I undertook to revise 
jthese aspects, as no other publication on 
‘physical anthropology, to the best of my 
iknowledge, had come out since 1949, in 
jwhich a first-hand study of the material 
thad been made. Let it be clear that al- 
hough the material examined now is the 
tsame as in 1949, 10 years have gone by 
jfull of many valuable new contributions 
{related to the points examined at present. 
‘Therefore that I arrive at different conclu- 
sions than Romero did 10 years ago, in no 
}way detracts from the merit of his study. 
Because of the nature of the paper the 
Results and the Discussion will be included 
jointly for each section (age, stature, sex ) 
with a partial conclusion relating to each 
‘of these points. 


MATERIALS AND METHODS 


On February 22, 1947 Helmut de Terra 
fand R. V. Arellano discovered in the proc- 
tess of excavating in what is known as the 
‘Valley of Mexico,” the remains of what 
thas been named thereafter “Tepexpan 


jlava flow which projects from an old vol- 
canic cone into the valley basin. The high- 
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this promontory 7 km distant from Route 
1 (Laredo highway) or some 34 km from 
Mexico City” (De Terra, Romero and 
Stewart, “49, p. 22). A fuller description 
of the interesting circumstances leading 
to the discovery of the human remains is 
given in the above mentioned publication, 
as well as an account and estimation of the 
many sided aspects of its anthropological 
importance. 

The human remains found in 1949 and 
kept now at the Museo Nacional de An- 
tropologia are as follows: 

Cranium. Vault complete. Base frag- 
mented but almost complete: three frag- 
ments of sphenoid bone; left petrous por- 
tion; basilar part including the occipital 
condyles. 

Face. Frontal process of maxilla. Nasal 
bones. Fragment of right and left maxilla. 
Fragment of left molar. Alveolar margin 
of maxilla. Palate. Fragment of left orbital 
plate. 

Mandible. Lacking condyles and pos- 
terior portion of right ascending ramus. 
Four unidentified small fragments. 

Vertebrae. Nine fragments, among 
which is an almost complete epistropheus. 

Ribs. Five fragments, seemingly be- 
longing to different ribs. 

Pelvis. Small fragment of innominate. 
Small fragment of sacrum. 

Upper extremities. Middle portion of 
right and left clavicles; right acromial ex- 
tremity and a small fragment of right 
scapula. Shafts of right and left humeri 
and a fragment of the head of the humeri. 
Right and left ulnae with the proximal end 
present only in the right ulna. Right radius 
almost complete and the left one lacking 
proximal end. 

1Paper presented to the Fifth International 


Congress of Prehistorical and Protohistorical 
Sciences, held in Hamburg, August 1958. 
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Hand bones. Ten metacarpals. First, 
second, 4th and 5th right first phalanges. 
Third left first phalanx. Third, 4th and 
5th right second phalanges. Fourth, and 
5th left second phalanges. First, second 
and 5th right third phalanges. First left 
third phalanx. 

Lower extremities. Shafts of right and 
left femora and the left distal extremity 
separate. Three fragments of the distal 
end of right femur. Right and left patel- 
lae. Right and left tibial shafts. Nine frag- 
ments of the proximal ends of the tibiae. 
Fragment of distal extremity of the tibia. 
Three fragments of fibular shafts. 

Foot bones. Right and left talus. Right 
cuboid. Left second cuneiform. First and 
5th metatarsal bones. Left first, second 
and 4th first phalanges. Eight unidentified 
fragments. 

Unidentified fragments when the pres- 
ent inventory was made. Eighty-eight 
small fragments. Forty larger fragments. 

From these, J. Romero based his study 
of “The Physical Aspects of Tepexpan 
Man” on pp. 87-118 of the 1949 publica- 
tion and I this revaluation. 


RESULTS AND DISCUSSION 
Age 


The age of the Tepexpan remains 
(1949) was based on (a) the degree of 
sutural obliteration, determined ecto- and 
endocranially, (b) the degree of dental 
attrition and (c) the density of the bone 
tissue, observed in the mandible and the 
maxilla by direct appreciation and by x- 
ray. 

On the first point, Romero (749) fol- 
lowed the opinion of Newman; we quote 
pp. 97-98: “Standards for endocranial and 
ectocranial closure are those of T. W. 
Todd. Since they are based on a male, 
white dissecting-room population, their 
application to American Indians is prob- 
ably not wholly valid. Observations were 
made in strong natural light under a mag- 
nifying glass.” 

“The coronal, sagittal, and lambdoid su- 
tures are completely closed. On the basis 
of Todd’s standards, Tepexpan Man was 
more than forty-eight years old. Both por- 
tions of the spheno-temporal are still open, 
which would make the specimen less than 
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ferior portion of the masto-occipital suture, 
and the greater wing of the spheno-frontai} 
suture are closed. These reach a peak oof. 
closure at seventy-two and sixty-five years 
respectively, but in individual cases may} 
close earlier.” ! 
“Since the standards are not wholly satisy, 
factory and the margin of error relatively 
great in aging skulls of advanced age¥ 
fifty-five to sixty-five years is the presenil 
best estimate.” Furthermore, along this 
same line, Romero (de Terra, Romero anc 
Stewart, “49, p. 95) points out that the 
basi-sphenoid suture is closed, and that any 
trace of it has vanished. However, ove? 
this point, Moss (’59, personal communica} 
tion) does not appear to be entirely in 
agreement. It is evident, therefore, tha 
the most precise bases used for diagnosis} 
(49) is the degree of suture obliteration 
On the basis of the studies of Todd ana 
Lyon ((24—25), I would not quite agree in 
fixing the age between 55 and 65. I wouic 
reduce the estimate in some years.” How/ 
ever, this would be futile since the studies’ 
by Senytirek (47), Vandervael (752)) 
Singer (753), Cobb (755), Thompso 
Brooks (55), McKern and Stewart (757) 
and Cabot Briggs (’58) all—except thai 
of Senyurek—on modern skulls of diverse 
origins, indicate that the diagnosis arrivec 
at by means of suture closure, almost com: 
pletely lacks any practical utility. In indi 
vidual cases the margin of error goes fai 
beyond acceptable limits. In a series 0) 
101 Mexican skulls studied, we (Genovés 
and Messmacher, 59) concluded: “The diff 
ference between the average estimatect 
ages and the real age, is however too great: 
(11 years one month for the whole series: 
9 years 5 months for mestizos, 12 years 1] 
months for ‘indians’). This is due to the 
lack of agreement between the traditiona) 
patterns and the actual age.” And farthex 
“Having estimated the possibilities of 

the cranial sutures (coronal, sagittal anc 
lambdoid) and some other characteristics 
(see conclusion 11), we have tried witk 
the highest rigor possible, to arrive at satis; 


2In a recent study (Genovés and Messmacher: 
59) have concluded that two years and 6 month 
is the approximate average of divergence in the 
estimations of the various investigators in 
series of Mexican skulls. 


-actory results. It must be admitted, that 
janfortunately, this has not been possible, 
and that, with the mentioned estimates, 
any pretension of relative exactness in the 
fassignment of age by means of cranial 
sutures is without bases in at least 50% 
of the cases.” In the light of these post- 
949 studies I feel that the suture criteria 
‘must be discarded. 

With reference to the degree of dental 
abrasion, it is well known that its useful- 
ness for these purposes is quite unreliable. 
Wallois already stated (737, p. 501): “Le 
degré d’usure des dents ne peut donc servir 
ide critérium pour l’estimation de l’Age des 
ommes fossiles: on verra plus loin qu’a 
iverses reprises, on a écrit que des cranes 


seul fait que leurs dents étaient tres usées. 
“Il ne faudra attacher aucune valeur a ces 


- Reviewing some aspects of the Chance- 
yade remains the same author (’41—'46, p. 


‘tremement marquée, mais jai dit ailleurs 
que ce caractére n’a absolument aucune 
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valeur pour lestimation de lage individual 
des hommes fossiles.” (My italics.) Gus- 
tafson (750) is of the same opinion. 

Genovés and Messmacher (759) tested 
the value of abrasion and some other char- 
acteristics (condition of the condyles, 
pathology, etc.) in Mexican crania, and 
independently arrived at the following con- 
clusions: “We can say, with reference to 
morphological observations, that up to the 
present we have no assurance in regard 
to the age of approximately half of the 
cases, and that in the other half we would 
estimate the error between +4 and +7 
years, which is not very encouraging.” 

I find myself, therefore, forced to aban- 
don these criteria for the age diagnosis of 
the Tepexpan remains. 

Fastlich (de Terra, Romero and Stewart, 
"49, p. 128) says: “As a result of the fore- 
going, we may infer that the loss of the 
teeth took place at different periods of the 
life of the individual, which is confirmed 
by the fact that in the upper jaw the region 
corresponding to the right premolars, as 
well as that belonging to the second left 


Specimen of 22 years 9 months. 
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molar, is more calcified than the other 
zones of the same jaw. The region of the 
lower jaw which corresponds to the molars 
of both sides is entirely ossified, which like- 
wise shows that the individual lost the 
mentioned teeth long before his death.” 

I am of the opinion that the total ossifi- 
cation of the region of the mandible cor- 
responding to the molars does not neces- 
sarily indicate that the individual lost the 
teeth “long before his death.” If the in- 
tense attrition harmed the pulp and con- 
sequently led to alveolar abscesses, the loss 
of the molars could have been early and 
also, therefore, the process of reabsorption. 
Without any special knowledge or particu- 
lar studies on the subject I consider that 
the opinion, based on the dental argument, 
that Tepexpan is an individual of “ad- 
vanced age” is not entirely justified. Fig- 
ures 1, 2, 3, 4, 5 are photographs of adult 
individuals (maxillas and mandibles), 
much younger that the proposed 55 to 65 
years for Tepexpan, in which, however, a 
total reabsorption of the dental alveoli can 
be appreciated. Moss (59, personal com- 
munication ) seems to have obtained radio- 
graphic data, complemented with direct 


Fig. 2 Specimen of 31 years 6 months. 
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observation of the Tepexpan mandible thajj 
supports our “rejuvenation” of the remains 
With reference to the obliteration of the 


that the individual was, at least, more than 
20 years of age, but that is all. 

The slight exostosis which is observeci#f 
in the atlas and axis, also is not necessarily i 
indicative of age. It is slight, and not ap) 
preciable on the bodies of the other twa 
existing cervical vertebrae nor on the smal: 
portion of the sacrum. I therefore consideq| 
that this should not be taken into accounjj 
in the form that Stewart (57) has pointeq 
out for other material. i 

In short: from the data offered in 1949 
it seems today that on the remains them} 
selves there is no evidence—particularly 
in the light of some studies made afte 
that date—that the age of the Tepexpan 
specimen could lie between 55 and 6& 
years; it only can be said that is was an 
adult of more than 20 years of age. 

It seems pertinent to mention that Te} 
pexpan is not the only example of certai 
antiquity who has had his age “reduced.’ 
Testut (1889) gave to Chancelade a range 
of 50 to 70 years, and Vallois (’41—46) 


tt > 


TEPEXPAN: AGE, STATURE AND SEX 209 


Fig. 3 Specimen of 22 years 4 months. 


Fig. 4 Specimen of 21 years 8 months. 
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Fig. 5 Specimen of 22 years 4 months. 


only around 40 years. This last author 
did the same with Cromagnon I, II and III 
and with other remains whose ages had 
been overestimated. What is more, re- 
cently I have postulated it will happen like- 
wise with Fontéchevade II (Comas and 
Genovés, ’59, pp. 40-42). 

I shall now present some direct and in- 
direct data that leads me to think that the 
age was much below that assigned until 
now. 

Although I do not know of any really 
specialized studies on the subject, Testut 
(28), Augier (732) and Goldstein (736) 
among others, have dealt with the trans- 
formations which, due to age, are observed 
on the skeleton. In an individual between 
55 and 65 years of age there should be 
found on the skull and especially on the 
mandible, those characteristics which 
point towards the senile state: thinning of 
the diploe which produces consequently a 
thin cranial wall, slight deformations in 
the neighborhood of the parietal bosses, 
irregular osseous conglomerations, mainly 
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in the endocranium—and particularly ini 
the frontal bone—and a marked wear onjj 
the few articular surfaces available for: 
study.* None of the preceding are found in} 
Tepexpan, nor any other characteristics in} 
the long bones that could lead to believe» 
that the specimen was old or even rather: 
old. 

Romero’s (49) estimation of stature iss 
1.70 m and he considers 1.60 and 1.62 mi 
as the mean statures for pre-Columbian) 
and modern males respectively, in these» 
regions. Now, in order to arrive at the? 
1.70 m estimate—with which I am noti 
entirely in agreement as shall be shown) 
presently—Manouvrier’s tables (1892 andl 
1893) were preferentially used. Manou- 
vrier says that the effects of age operate ini 
such a manner that individuals of ap- 
proximately 60 years of age, have lost 3% 
cm from their maximum stature (see alsoi 


this appreciation in the occipital condyles (Gena- 
vés and Messmacher, °59), its utilization could) 
be of service. 


\Trotter and Gleser, 51; Hooton and Du- 
fpertius, 51; Lasker, 53 and Lee and Las- 
tker, 58). If these 3 cm are added we have 
}1.73 m. Romero gives as possible for 
Tepexpan between 1.67 and 1.73 m. If to 
}the maximum the 3 cm are added the 
fvalue obtained is rather unrealistic. That 
‘is, if the Tepexpan specimen died at 60 
fyears of age, he measured 1.73 m when 
{young, which is, in fact, a highly improb- 
fable stature. On the other hand, if the 
remains were of between 25 and 30 years 
Jof age at the time of death, as I postulate, 
then it was in the period of maximum sta- 
j}ture, and 1.70, minus the reduction that I 
fshall discuss later, is a more reasonable 
and realistic stature. This agrees with 
Stewart (de Terra, Romero and Stewart, 
49) who states (p. 126): “My impression 
was however that the individual could not 
shave been very tall,” and 1.70 m for Tepex- 
span is indeed very tall. In other words, if 
the specimen died at 60 years, it attained 
‘a stature rarely reached in these parts, 
|which is indirect proof that the remains 
ywere not 60 years of age at the time of 
ideath, but instead, very close to the age of 
‘maximum stature. 

Let us pass now to the problem of the 
‘tpossible duration of life of remains of cer- 
‘tain antiquity, whose environmental condi- 
“tions may have been, along general lines, 
equivalent to those of Tepexpan. 

"| From the upper Paleolithic of Europe, 
only 1% (Obercassel) of the specimens 
among 102 studied by Vallois (’37) 
‘reached an age over 50 years (table III, 
‘ip. 520, Vallois, °37). 

According to the same author, among 
ithe Neandertal group only one out of 
'90 subjects were found to be between 41 
“tand 50 years of age and three more (15% ) 
‘| between 31 and 40 years of age (table II, 
itp. 512, Vallois, 37). 

From the Mesolithic, two subjects among 
(60, (3% ) reached an age above 50 years, 
land one subject (1.5% ) reached an age 
between 41 and 50 years (table IV, p. 524, 
Vallois, 37). It must be pointed out that 
‘although Vallois used then the suture cri- 
‘Iteria as a base, many of these remains 
; have also postcranial elements that funda- 

mentally do not contradict Vallois’ per- 
centages. 
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Todd (’27) fixed 30 years as the age of 
maximum mortality among West-African 
natives, and between 15 to 25 years of age 
for a small series of Tasmanian skulls. On 
his part, Fusté (754, p. 83) finds that in 
the Spanish neo-eneolithic “(a) the highest 
mortality among both sexes corresponds 
to the ages between 20 and 40 years and, 
(b) the scarce frequency of longevity.” 
The works of Senyiirek (47 and ’51), 
Sauter (47-48 and *48—’49) and of Gold- 
stein (’53) point in the same direction. 

From table 1 (Fusté, undated reprint, p. 
328) the comparatively small possibility 
that Tepexpan has, from the demographic 
point of view, of having reached the age 
of 60 years, in contrast with some modern 
populations, can be appreciated. 


Conclusion about age 


I have analyzed the problem of the age 
directly in the remains, and indirectly, in 
relation to other individuals that lived in 
a more or less equivalent environment. I 
do not consider from any point of view, 
that there exist valid reasons for assign- 
ing to the Tepexpan remains an age above 
that of 30 years. 


Stature 


As it has already been indicated, Rome- 
ro (49) arrived at the conclusion that the 
stature of the individual was possibly be- 
tween 1.67 and 1.73 m. Since the mean 
of 4 estimations gives 169.5 cm, he con- 
sidered 170 cm as the acceptable average. 
I quote from page 99 (749): “. . . so the 
problem is to determine which procedure 
is to be considered best and whether more 
reliance should be put on figures derived 
from one complete bone or on those de- 
rived from the reconstruction drawings of 
all of them.” Pearson (1898) had already 
pronounced himself in favor of the first 
method: “one or two organs well selected 
are worth much more for prediction than 
a much longer number selected less care- 
fully.” 

It happens that in Tepexpan, the right 
ulna and radius are practically complete 
and are, therefore, two of the bones used 
for the reconstruction of stature; these 
were averaged (749), since the femora, 
tibiae and humeri were fragmentary and it 
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vas necessary to reconstruct them by com- 
arison to homologous bones. - 

Farther on, Romero (’49, p. 112) estab- 
jished the comparison with the remains of 
|{1 Arbolillo and Ticoman in the manner 
thown in table 2. 

I find that the 164.6 cm average for El 
‘Arbolillo is doutbless highly influenced by 
pne subject of 172.2 cm. Tepexpan, there- 
fore, in comparison with males is much 
Jaller than the most ancient groups avail- 
ble for comparison, although the value 
£ 166.6 cm secured by measurement of 
he femora, is already 3.4 cm less than that 
ysiven (49) as probable for the remains. 
Mf 27 individuals from Ticoman, all were 
tmaller than Tepexpan. 

| In a previous study (Genovés, ’58, table 
JV and p. 477) it was pointed out that in 
‘Mexican remains, and along general lines, 
hpplying the formulae of Trotter and 
Gleser (752, 58) for whites, values of 
fre much higher if the tibia instead of the 
femur is used. In a small series (Coixtla- 
4uaca) I obtained differences of even 11 

*m between one and the other method for 
males and up to 6 cm for females. Accord- 
ing to the preliminary results of another 
‘Investigation (Genovés, unpublished) on 
fome Mexican prehispanic remains, I can 

ay that the tibiae, and above all, the 
unae and radii give values that are higher, 
or either sex, than those obtained from 
the femora and that in general those values 
jiend to give statures which I have reason 
consider as too large for those groups. 
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TABLE 2 
No. of cases Min. Max. Av. 
cm cm em 
El Arbolillo 14 161.5 172-2) 164.6 
Ticoman 27 154.5 165.0 161.6 
Tepexpan 166.61 


Furthermore, my reconstruction of the 
femora of Tepexpan would be slightly 
smaller than that of Romero. This author 
(p. 98) says that his variability in the dif- 
ferent reconstructions is of 10 mm and 
gives the values of 434, 442, and 447 mm 
for the right, and only 447 mm for the left, 
taking later the average of 444 mm. I 
would be inclined toward a value of 439 
mm, that gives for females (as I have rea- 
son to think that the Tepexpan “man” is 
probably a female), statures of 162 and 
159.8 cm using Trotter and Gleser’s (’52) 
formulas for Negro or White females re- 
spectively. 

With reference to the tibiae and the 
right ulna and radius, I obtain the same 
values as Romero. The reconstruction of 
the humerus is too imperfect and there- 
fore was not carried out here. Applying 
the formulas of Trotter and Gleser (52) 
for White and Negro females to these 
bones, we would have the results shown in 
table 3. 

I have good reason to think (Genovés, 
unpublished) that the stature taken from 
the femora is more valid, applying Trotter 
and Gleser’s tables for White or Negro 
females (’52), and that the tibiae, radii 
and above all the ulnae give stature recon- 
structions that are completely dispropor- 
tionate for mesoamericans, with which, in 
general lines, Trotter and Gleser are in 
agreement (personal communication, ’59). 
That is, the leg and forearm are long in 
relation to the thigh, so that the formulae 
for Negro females (who possess these 


TABLE 3 
Stature 
ee White Negro 
we SS Ee ee 
mm cm cm 
Femur 439 162.5 159.8 
Tibia 378 171.2 165.2 
Ulna lie 176.0 167.0 
Radius 258 168.0 165.5 


1 Reconstruction solely on the basis of the femora. 
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characteristics) gives values for these 
bones that produce statures not too dis- 
similar from each other.‘ In other words, 
until stature reconstruction tables are 
elaborated for Mesoamerica, it is not proper 
to average the results obtained with the 
different bones, since tibia, ulna and radius 
give values that are disproportionately 
high. On the basis of this, plus the fem- 
inine character of the remains, I am in- 
clined toward a 439 mm femur, to which 
would correspond an approximate stature 
of 160 cm (Trotter and Gleser, 52). It 
can, furthermore, be postulated in a pre- 
liminary way, that with respect to the long 
bones, those of the Tepexpan female fit 
the relative proportion patterns of the pre- 
Columbian remains. In this way, the Te- 
pexpan specimen approaches more in sta- 
ture what Romero proposed as an average 
for pre- or post-Columbians (de Terra, 
Romero and Stewart, 49, p. 102) and 
mentioned above. 


Conclusion about stature 


An estimation of the relative proportion 
of bone length in some mesoamerican 
specimens leads to the conclusion that 
averaging the reconstruction statures ob- 
tained through alien formulae for the dif- 
ferent long bones is an unwarranted pro- 
cedure for mesoamerican skeletons and 
that the femora provide in general lines 
the closest approximation to actual height. 
Based on this, on the feminine character of 
the specimen and on a new estimation of 
the length of the femur a stature of 1.60 is 
suggested for the Tepexpan remains. 


Sex 


On another occasion (Genovés, 754) I 
dealt with the problem of the diagnosis 
of the sex of fossil human remains of 
certain antiquity, arriving at the conclu- 
sion that there exists great disparity be- 
tween the various authors that have ex- 
amined the principal European finds and 
that therefore the sex designations are 
somewhat venturesome. I will not try now 
to adopt a definite or hasty position with 
regard to the sex of the Tepexpan remains; 
but I do believe that there are valid rea- 
sons for the opinion that the remains 
found at Tepexpan are probably those of 
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a female. I transcribe the statement 
Romero, (49, p. 95) since it is brief: 


Sex character 


“From the beginning it appeared to m 
and to all others who studied the skeleta; 
remains that they belonged to a male indjj 
vidual. The heavy muscle attachments aj 
shown on the deltoid ridges of the humer,; 
the linea aspera of the femora and thi 
popliteal lines of the tibiae are male chat 
acteristics. Unfortunately, we have onl 
one small fragment of the innominate, sj 
I am unable to make use of the greates 
sciatic notch as a criterion for the mal 
sex. Neither could I use the size and shap: 
of the pelvic cavity. The inclination 
the femora is not sufficiently marked * 
raise doubts about the male.” 

“As for the skull, the brow ridges and thy 
mastoid processes are of average develoy 
ment. The muscle attachment surfac 
in the nuchal region is not very marked 
whereas the superior occipital line is d 
veloped into the form of a true torus. B 
the shape of the forehead and the forame? 
magnum’® seem to indicate a male, whil 
the same may be said of the chin angl 
of the lower jaw, of which only the lef 
side is complete. I therefore agree wit! 
Weidenreich’s viewpoint as set forth in hi 
report: ‘None of the bones is very robust 
on the contrary, they rather appear to bi 
of a generally fine structure. Although thi: 
suggests female sex, the strongly develope 
muscular tuberosities prove that the ind 
vidual was a male.’ (see Appendix B).” | 

“This sex determination is not supportee 
by any associations with material culturt 
objects or burial characteristics, such a: 
have frequently aided us in Mexico in | 
proper determination of sex characters ii 
pre-Columbian burials.” 

It seems evident that the reasons giver 
are rather weak. Sufficient female remai 
pertaining to cultures in which there i 
practically no differentiation of labor be 
tween the sexes are known, to state hert 
that osseous eminences caused by mug! 
cular insertions can be, in these cases 


‘This is equally true, along general lines, 
males and for females. 

5] am unaware of any actual sexual diffes 
ences—not even slightly appreciable ones—in 
shape of this foramen. 
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fuite appreciable in the feminine sex, so 
hat we cannot apply the actual or pre- 
Jolumbian patterns, in general, to remains 
ike those of Tepexpan. Furthermore, the 
muscular insertions (deltoidal, asperal 
gine, popliteal line, etc.) are not really 
(very strongly marked in the Tepexpan re- 
mains, and as Weidenreich indicates (de 
aierra, Romero and Stewart, ’49, p. 124), 
mone of the bones is very robust.” 
Since there is nothing more than a very 
ipmall fragment of os coxae and of sacrum, 
he determination as masculine based al- 
#most exclusively on the skull seems to us 
jpomewhat arbitrary, and in the discussion 
vi bout the cranial characteristics (pp. 103— 
#08) nothing is found that would favor 
jplearly a masculine determination. 

On our part, I have observed that the 
posterior root of the zygomatic process of 
ye temporal, although appreciable, would 
: pe closer to a female sex assignation for the 

ifepexpan skull according to the findings 
i f Keen (750), who considers this char- 
i cteristic to be perhaps that of the greatest 
w7alue for the sexual diagnosis of the skull. 
i e same author estimates that the degree 
ah f£ development of the supra-orbital crests, 
whe occipital crest and the occipital lines 
, are the best characteristics, together with 
y;hat one already mentioned, and says (p. 
7 2): “will always be valuable for sexing 
d presumably this applies to the skulls 
pf all racial groups” (My italics). Although 
cannot subscribe without reserve to the 
4#dea that these characteristics be applic- 
‘able to the Tepexpan remains, I do wish to 
,point out that of the 4 mentioned by Keen, 
but one, the superior occipital line, 
\eavor a feminine diagnosis. 
| Unfortunately the tiny fragments of the 
iplavicle and scapula are too reduced in size 
fo deduce any information from them. 
jlowever, it is a different matter with re- 
gppect to the long bones. It should be stated 
jarst, however, that not knowing the degree 
bf sexual dimorphism for Tepexpan one 
ust be cautious in applying criteria ob- 
ained from other populations. In spite of 
fhis, it is true nonetheless that in the dif- 
ferent human groups, it is practically al- 
ways observed as a general sexual char- 
acter, that there is a greater extention or 
“size of the articulation surface in males 
‘han in females. 
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Dwight (705), Tamagnini (’49) and 
Hrdli¢ka (’52), among others, have put 
emphasis on the value of the articular sur- 
faces, and recently Thieme (757) and 
Thieme and Schull (’57) have demon- 
strated that the diameter of the head of 
the femur and the epicondilar width of the 
humerus have the highest value of “critical 
proportion”—“t”’—among 8 other charac- 
ters tested for sexual discrimination 
(Thieme, ’57, p. 73, table I). In the Tepex- 
pan remains, there are no~ measurable 
articular surfaces for femur, tibia or hu- 
merus, but there is an ulna and radius 
that are almost intact. Among approxi- 
mately 100 masculine and feminine ulnae 
that are found in the laboratory of the 
National Museum of Anthropology, Mex- 
ico, only one (1.112(a), general classifica- 
tion Da-12) reaches the general size of 
Tepexpan’s. 

Now, Tepexpan’s is less robust than 
those rather similar to it in size and only 
equal in robusticity to those that are quite 
smaller; the articular surface—sigmoid 
fossa—is of the size of ulnae that are also 
much smaller. The same thing is found to 
be true of the right radius of Tepexpan. 
Compared with 120 radii of diverse origins, 
kept at the Museum, none equals it in 
size, in spite of the fact that the superior 
and inferior articular surfaces in Tepex- 
pan are not greater than those of the 
majority of these radii. That is, the articu- 
lar surfaces of ulna and radius in the 
Tepexpan remains are _ proportionally 
small. What is more, the ulna, although 
somewhat deteriorated, does not present 
the transverse rugosity in the sigmoid cav- 
ity that Godycki (’57) describes as char- 
acteristic of masculine ulnae and that I 
have found useful for the sexual diagnosis 
in some mesoamerican ulnae. 

Among the Tepexpan remains are also 
found two tali in a good state of preserva- 
tion. I have compared them to the cor- 
responding tali of masculine and feminine 
individuals whose femora and tibiae— 
masculine and feminine— give us the same 
stature as that calculated for Tepexpan. 
In all comparisons with masculine skele- 
tons, the tali are larger than those of Te- 
pexpan, whose tali I find to be practically 
equal to those of the female skeletons of 
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similar stature with which they were com- 
pared. 

I believe that all this data, although in 
no way conclusive, is much more in agree- 
ment with a designation of female sex to 
the Tepexpan remains. 


Conclusion about sex 


A reexamination of the skull, and of the 
articular facets of ulna and radius, of other 
characters of the long bones and of the tali 
leads to the conclusion that the specimen 
is most probably a female. 


SUMMARY 


The Tepexpan skeletal remains dis- 
covered in 1949 had been attributed to a 
male specimen of between 55-65 years of 
age and 1.70 m in stature. 

The study of several characteristics of 
the skull and mainly of the long bones; the 
direct analysis of the bones and the com- 
parison with the life duration of other 
specimens of general similar environment, 
and the inapplicability of averaging for- 
mulae for several long bones when recon- 
structing the stature of Mesoamerican 
populations, together with a new recon- 
struction of the femur, lead now to believe 
that Tepexpan is a female specimen of at 
most 30 years of age and of approximately 
only 1.60 m in stature. 


NOTE 

(a) While this paper was already in 
press, Dr. M. L. Moss came to Mexico, 
examined the Tepexpan material, read my 
paper and wrote a Brief Communication 
on “A Revaluation of the Dental Status 
and Chronological Age of the Tepexpan 
Remains,” Amer. J. Phys. Anthrop., N.S., 
18: 71-72, which coincides with my con- 
clusion about the age of the specimen. 

(b) At the advice of Dr. T. D. Stewart, 
Dr. H. Faulhaber, who has undertaken a 
study of the Tlatilco burials (1100-600 
B.C.), and I were able to determine the 
chronological age of the specimens from 
this collection. Fifty-one admitted con- 
fident age diagnosis based on the sym- 
physeal surface of the pubis. 

Although indirectly, the distribution by 
age included here argues positively once 
more in favor of our conclusion about the 
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age of the Tepexpan remains. Even moré 
in general lines, suture closure age deter) 
mination based on the traditional pattern) 
also fails in the Tlatilco specimens, ane 
extreme dental attrition, and prematury 
dental loss was found, as in Tepexpan 
in many of the specimens. if 


Age range N. 
17-25 18 
26-33 31 
34-35 2 

Total 51 
ACKNOWLEDGMENTS 


My gratitude to Professor J. Romerga| 
Head of the Department of Physical Am 
thropology, and to Dr. Eusebio Davaloy 
Hurtado, Director of the I.N.A.H. for pen 
mission to examine the specimens, and f¢ 
Sr. Mario Pichardo del Barrio for assist; 
ance in the translation of the manuscria 
is herewith acknowledged. 


LITERATURE CITED 


Augier, M. 1932 Crane et cerveau chez ] 
vieillard. L’Anthrop., 42: 315-322. 

Cabot Briggs, L. 1958 Initiation 4 l’Anthrope 
logie du Squelette. Imprimerie officiale, Algex 
56 pp. 

Cobb, M. W. 1955 The Age Incidence of Su 
ture Closure. Am. J. Phys. Anthrop., 13: 394 
(Also in Anat. Rec., 121: 277.) 

Comas, J., and S. Genovés 1959 Paleoantre 
pologia y Evolucién. Varia 1. Cuadernos déd 
Instituto de Historia, serie antropégica, no. ¢ 
U.N.A.M., Mexico, 47 pp. 

De Terra, H., J. Romero and T. D. Stewart 194 
Tepexpan Man. Viking Fund Publications ii 
Anthropology, no. 11. New York, 160 pp. 

Dwight, T. 1905 The size of the articular su 
faces of the long bones as characteristic of se> 
Am. J. Anat., 4: 19-31. | 

Fusté, M. (undated reprint) La duracién & 
la vida en las poblaciones humanas del levant 
espanol durante el periodo neo-eneolitico. 
Homenaje Péstumo al Dr. D. Francisco Pardill 
Vaquer. Universidad de Barcelona. | 

1954 La duracién de la vida en ] 
poblacién espafola desde la prehistoria hast 
nuestros dias. In: Trabajos del Instituto “Be: 
nardino de Sahagtin” de Antropologia y Etna 
ogia, 14: 81-104. 

Genovés, S. 1954 The Problem of the Sex «| 
Certain Fossil Hominids with Special Referenc 
to the Neandertal Skeletons from Spy. J. H 
Anthrop. Inst., vol. 84, pp. 131-144, 

1958 Estudio de los restos é6seos & 

Coixtlahuaca, Estado de Oaxaca, México. In 

Miscellanea Paul Rivet Octogenario Dicat? 

vol. I, pp. 455-84. 


7 (unpublished) Algunos aspectos rela- 
, cionados con el calculo de la talla en restos 


henovés, S., and M. Messmacher 1959 Valor 
de los patrones tradicionales para la determina- 

ij Clon de la edad por medio de las suturas en 
q craneos mexicanos (indigenas y mestizos). 
' Cuadrenos del Instituto de Historia, Serie An- 
tropologica no. 7. U.N.A.M., México, 53 pp. 
isodycki, M. 1957 Sur la certitude de déter- 
' mination du sexe d’aprés le fémur, le cubitus 
et Vhumérus. Bull. Mém. Soc. d’Anthrop. Paris. 
8: X ser., pp. 405-410. 
oldestein, M. S. 1936 Changes in dimensions 
and form of the face and head with age. Am. 
J. Phys. Anthrop., 22: 37-90. 
xustafson,G. 1950 Age determination on teeth. 
J. Am. Dent. Assoc., 41: 45-54. 
dooton, E. A., and C. W. Dupertius 1951 Age 
- changes and selective survival in Irish males. 
Hye Studies in Physical Anthropology no. 2, Am. 
f Assoc. Phys. Anthrop. and Wenner-Gren Foun- 
,} dation for Anthropological Research, New York. 
WHrdli¢ka, A. 1952 Practical Anthropometry, 
4th ed. by T. D. Stewart. The Wistar Institute 
of Anatomy and Biology, Philadelphia, 241 pp. 
een, J. A. 1950 A study of the differences be- 
tween male and female skulls. Am. J. Phys. 
-Anthrop., N.S. 8: 65—78. 
fuasker, G. W. 1953 The age factor in bodily 
measurements of adult male and female Mex- 
icans. Human Biol., 25: 50-63. 

ee, M. M. C., and G. W. Lasker 1958 The 
‘! thickness of subcutaneous fat in elderly men. 
Am. J. Phys. Anthrop., 16: 125-134. 
Manouvrier, L. 1892 Determination de la taille 
d’aprés les grands os des membres. Rev. Men. 
l’fcole d’Anthrop., Ser. 2, 4: 227-233. 
WMcKern, T. W., and T. D. Stewart 1957 Skele- 
# tal Age Changes in Young American Males. 
Analyzed from the Standpoint of Age Identifica- 
tion. Quartermaster Research and Development 
4 Center, Environmental Protection Research 
4 Division, Natick, Massachusetts. 

Sauter, M. R. 1947-48 and 1948-49 Quelques 
i} données sur la mortalité dans la population 
néolithique de la Suisse romande. Bull. Soc. 
+ Suiss. Anthrop. Ethnol., pp. 23-24. 

Senyiirek, M. S. 1947 A note on the duration 
of life on the ancient inhabitants of Anatolia. 
Am. J. Phys. Anthrop., N.S., 5: 55-56. 
1951 The longevity of the chalcolithic 
and Copper Age inhabitants of Anatolia. Bel- 
leten, 15: 447-468. 
#Singer, R. 1953 Estimation of age from cranial 
1 suture closure. A report on its unreliability. 
J. Forensic Med., 1: 52-59. 


TEPEXPAN: AGE, STATURE AND SEX 


217 


Stewart, T. D. 1957 Rate of development of 
vertebral hypertrophic arthritis and its utility 
in age estimation. Am. J. Phys. Anthrop., N.S., 
15: 433. 

Tamagnini, E., and D. Vieira de Campos 1949 
Contribuigoes para o Estudo da Antropologia 
Portuguesa, volume II Fasciculo 1°, IV. O Fémur 
Portugués, pelo Dr. Eusébio Tamagnini e Daniel 
Saraiva Vieira de Campos. Universidad de 
Cornibra, Instituto de Antropologia, Cornibra 
1949. 

Testut, L. 1889 Recherches anthropologiques 
sur le esquelette quaternaire de Chancelade. 
Bull. Soc. Anthrop. Lyon, 8: 1-124. 

1928 Traité d’Anatomie Humaine, 8th 
ed., by L. Latarjet. Paris. 

Thieme, F. P. 1957 Sex in negro skeletons. J. 
Forensic Med., 4: 72-81. 

Thieme, F. P., and W. J. Schull 1957 Sex 
determination from the skeleton. Human Biol., 
29: 242-273. 

Thompson Brooks, S. 1955 Skeletal age at 
death: The reliability of cranial and pubic age 
indicators. Am. J. Phys. Anthrop., N.S.,13: 
567-597. 

Todd, T. W., and D. W. Lyon, Jr. 1924-25 
Endocranial suture closure: its progress and 
age relationship. Parts I, II, III, and IV. Ibid., 
7: 325-384; 8: 23-40, 47-71, 149-168. 

Todd, T. W. 1927 Skeletal records of mortality. 
The Scientific Monthly. 24: 481-496. 

Trotter, M., and G. C. Gleser 1951 The effect 
of ageing on stature. Am. J. Phys. Anthrop., 
N.S.,9: 311-324. 

1952 Estimation of stature from long 

bones of American Whites and Negroes. Ibid., 

N.S.,10: 463-514. 

1958 A re-evaluation of estimation of 
stature based on measurements of stature taken 
during life and of long bones after death. 
Seven figures. Ibid., N.S.,16: 79-134. 

Vallois, H. V. 1937 La durée de la vie chez 
Y’Homme fossile. L’Anthrop., 47: 499-532. 
1941-46 Nouvelles recherches sur le 
squelette de Chancelade. L’Anthrop., 50: 165— 

202. 

Vandervael, F. 1952 Critéres d’estimation de 
lage des squelettes entre 18 et 38 ans. S.A.S., 
pp. 25-26. 

Weidenreich, F. 1949 Preliminary report on 
the anatomical character of the human skeleton 
from Tepexpan. In: de Terra H., J. Romero 
and T. D. Stewart, 1949, Tepexpan Man, Ap- 
pendix B, pp. 123-124. 


The order of appearance of the ossifica- 
lion centers of the hand and wrist has been 
escribed as regular and constant by sev- 
ral recent authors (Mackay, 57; Greulich 
ind Pyle, 59). Although Pryor (’07) pro- 
rided evidence over 50 years ago for in- 
jlividual differences in the ossification se- 
uence of these bony nuclei, Mackay em- 
phasized similarities in the mean ossifica- 
jon order between his Wadigo (East 
rican) children, and the Chicago Labo- 
atory School children in Flory’s (735) 
monograph. Greulich and Pyle in the lat- 
sst edition of their Atlas have devoted con- 
siderable comment to ossification sequence, 
hich they consider to be constant and the 
same for both sexes. 

Although admitting the occurrence of 
individual differences in the ossification of 
and-wrist centers, Greulich and Pyle 
iiminimize their incidence. They emphasize 
\that “there is rather good agreement in the 
jreported order of ossification . . . as ob- 
served in the various centers of child study 
in the United States” and observe that “the 
ame order was reported by Sutow and his 
ssociates in their study of the skeletal de- 

elopment of children in Japan, and by 
{Mackay in his similar study of children in 

the Kenya coastal area of East Africa” 
(Greulich and Pyle, 59, p. 24). Rejecting 
the sibling similarities in ossification pat- 
jtern reported by Reynolds (’43) as much 
too infrequent, they attribute atypical ossi- 
{fication sequences to “childhood illnesses 
‘or other unfavorable environmental fac- 
{tors.” 

Actually, variability in the order of ossi- 
fication cannot be determined from cross- 
sectional data alone, since different ossi- 
fication sequences may be hidden in a sin- 
gle mean sequence. Nor can the extent of 
variability, or the proportion of children 
with aberrant ossification sequences be in- 
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ferred from the mean ossification order. 
The only way the order of appearance of 
these postnatal centers of ossification can 
be determined is through the longitudinal 
analysis of complete serial hand-wrist 
radiographs. Furthermore, only by ascer- 
taining individual ossification sequences 
is it possible to determine whether aber- 
rant sequences are associated with delayed 
osseous maturation or heightened illness 
experience. The question of population 
similarities resolves itself into whether the 
incidence of different sequences is the 
same from group to group. 

Accordingly, we have investigated vari- 
ability in the order of appearance of 28 
ossification centers of the hand and wrist 
longitudinally, using serial radiographs of 
a group of normal children followed from 
birth through completion of the sequence. 
The purpose of this paper is to report on 
the variability of individual ossification 
orders, the incidence of such variability 
and finally, to provide data on the rela- 
tionship between hand-wrist ossification 
sequences and several developmental vari- 
ables. 


METHODS AND MATERIALS 


The present study is based upon 2880 
serial postero-anterior radiographs of the 
hand and wrist of 75 boys and 79 girls, 
all born in southwestern Ohio and all reg- 
ular participants in the Fels Longitudinal 
Studies. The population sample consid- 
ered was primarily rural and semi-urban 
in residence and of the lower-middle and 
middle-middle social class according to 
Warner’s classification. 

In making the analyses, twins, triplets 
and children with developmental defects 
were not included in the study. In addi- 
tion, like-sexed siblings and children of 
Fels children were excluded to avoid load- 
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ing the sample with particular lineages.’ 
The 154 children represented in the pres- 
ent study were selected both to exclude 
family lines and to provide data on chil- 
dren with the most complete radiographic 
series. 

The radiographs taken over a 21-year 
period were made at a three-foot tube-to- 
film distance using fast screen-type film 
with par-speed screens. Exposures varied 
from 9 to 15 milliampere-seconds and 
from 34 to 38 PKV depending on the age 
and part thickness. With use of the ap- 
propriate cones and other precautions, 
gonadal dosages were small, ranging 
down to 0.001 mr and less (cf. Garn and 
Shamir, 58). The radiographs themselves 
were taken at one, three, 6 and 9 months 
of age during the first year, and on birth- 
days and “half-birthdays” thereafter with- 
in extremely small tolerance limits (Garn 
and Shamir, 758, p. 16). Interpolation of 
ages was therefore neither necessary nor 
attempted. 

The age at appearance of individual 
centers of ossification was determined for 
each child in the study. After computing 
the mean, by the usual method, median 
values were also determined. In addition 
to the means and medians, normalized 
T-scored values were computed using the 
McCall method and these normalized T- 
score values were used to compute both 
the mean T (Xr) for all 28 centers of 
ossification and or the measure of pattern 
variability. The mean T for each child, 
therefore, provided a numerical expres- 
sion of overall earliness or lateness of 
hand-wrist development. or, the measure 
of pattern variability, (Garn, 56) further 
provided an indication of the extent to 
which individual patterns of ossification 
differed from the expected pattern, ignor- 
ing the question of earliness or lateness. 

Following the determinations of the 
mean and median orders from the mean 
and median ages of ossification, individual 
ossification sequences were next deter- 
mined for the boys and girls in the upper 
15% and lower 15% in pattern variability 
(or). In recording the individual ossifica- 
tion orders for each of the boys and girls 
in these two series, centers that appeared 
at the same age, that is “bunched” centers, 
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were arranged to follow the sex-specil] 
median order for the present study. 
this way variability of ossification ord 
was minimized when there was no ey 
dence for the exact sequence of a partij 
ular group of centers. | 

In addition to the individual ossificatic 
order for all 28 centers determined fi 
the boys and girls highest and lowest | 
pattern variability, the ossification ordl 
for 6 of the 7 carpal bones (excluding tf| 


the 154 children under consideratio: 
Here the number of children following th 
“textbook” sequence and those deviatir 
in various respects from the textbook si 
quence were separately enumerated. 
Besides correlations involving the paj 
tern variability index (or) and mean | 
(Xr) in order to determine whether the? 
was a relationship between pattern vay 
ability and developmental status, | 
health histories of the highest and lowe} 
15% of boys and girls in or were reviewe 
by an independent observer (LL). Her! 
the health-history data were drawn fro) 
the interval health history and the phy; 
ical examination records for the childre 
concerned. Although there was a tendenc 
for more incidents of il] health to be re 
ported for the earlier-born Fels childre 
(corresponding to a period when physic: 
examinations were conducted at more fre 
quent intervals), the distribution of ye< 
at birth was the same in children hig 
and low in pattern variability. 
Inasmuch as the prime data for t 
present study were obtained over a 2° 
year period and secular trends are know 
to exist for many variables such as statum 
and weight, tests for secular trend wen 
run using date of birth and the meaj 
T (Xr) for hand-wrist centers. Here t 
combined-sex correlations between date 
birth and mean T was 0.05 for the sampl 
of 154 children. Accordingly, it was fe> 
that secular trends did not constitute a 
important source of error in the preser 
study. There was, moreover, no evidenc 
that in the present sample, pattern var 


1 Although like-sexed siblings were exclude 
the sample of 154 boys and girls did inclux 
32 siblings of unlike sex and 29 first or seco 


cousins, 
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TABLE 1 


Order of appearance of ossification centers of the hand and wrist according 
to this study and to previous authors 


This study Pyle and Stuart Greulich and 


Center : Sontag in Nelson Pyle (’59) 
Median Mean (43) (54) p.16p. 186 
Boys 
Capitate 1 1 1 1 1 1 
Hamate 2 2 2 2 3) 2 
Distal radius 3 3 3 3 3 3 
Proximal III 4 4 4 4 4 4 
Proximal II 5 5 5 5 5 5 
Distal I 6 7 8 8 8 8 
Proximal IV He 6 6 6 6 6 
Metacarpal II 8 8 7 7 7 7 
Metacarpal III 9 9 9 9 9 9 
Metacarpal IV 10 13 lp! 11 sw! 10 
Proximal V 11 10 10 10 10 11 
Middle III 12 11 12 11) 12 12 
Middle IV 13 12 13 13 13 13 
Metacarpal V 14 15 14 14 15 14 
Middle II 15 14 15 15 14 15 
Distal IV 16 17 18 16 ilo 18 
Triquetral aly 18 16 18 18 16 
Metacarpal I 18 19 19 19 19 19 
Distal III 19 16 17 17 16 17 
Proximal I 20 20 20 20 20 20 
Distal II 21 21 21 21 22 22 
Distal V 22 22, 22 22, 21 21 
Middle V 23 23 23 23 23 23 
Lunate 24 24 24 24 24 24 
Navicular 25 26 25 25 25 Pe 
Lesser multangular 26 25 27 Pap Puy 26 
Greater multangular 27 27 26 26 26 25 
Distal ulna 28 28 28 28 28 28 
Girls 

Capitate 1 il 1 1 1 7 
Hamate 2 2 2 2 2 2 
Distal radius 3 4 4 3 3 3 
Proximal III ; 4 3 3 4 4 4 
Proximal II 5 5 5 5 5 iS 
Proximal IV 6 6 6 6 6 6 
Distal I i uf 7 7 i 8 
Metacarpal II 8 8 8 8 8 7 
Metacarpal III 9 9 9 9 9 9 
Proximal V 10 10 10 10 10 sli 
Middle IV 11 11 11 il 12 us: 
Metacarpal IV 12 12 13 12 13 10 
Middle III 13 13 12 13 11 12 
Middle II 14 14 15 14 i153 15 
Metacarpal V 15 15 14 15 14 14 
Distal III 16 16 7, 16 16 AY? 
Distal IV 17 i7/ 16 ally 17 18 
Metacarpal I 18 18 18 18 18 19 
Proximal I 19 19 19 19 19 20 
Triquetral 20 20 20 20 20 16 
Distal II 21 23 23 22 23 22 
Middle V 22 21 21 21 21 23 
Distal V 23 22 22 23 22 PHI 
Lunate 24 24 24 24 24 24 
Greater multangular 25 25 25 25 25 25 
Navicular 26 26 26 PEE 27 27 
Lesser multangular 27 27 27 26 26 26 
Distal ulna 28 28 28 28 28 28 


Tied values ranked in conformity with this study’s median order, to minimize rank dif- 
ferences. 
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ability either increased or decreased over 
the span of years considered.” 


FINDINGS 


At the beginning of the study the mean 
ossification sequence was determined for 
boys and girls respectively, using the mean 
age at appearance for each of the 28 post- 
natal centers of ossification. In addition, 
the median sequence was computed for 
each sex, since many of the age-at-appear- 
ance distributions proved markedly skewed 
by the Pearsonian measure of skewness 
(Sk). The difference between the mean 
and median sequences as well as the ex- 
tent of sexual dimorphism in ossification 
order is apparent in table 1. 

Further, comparative data on ossifica- 
tion order were taken from the literature. 
These included the sequence listed by 
Greulich and Pyle on page 186 of their 
Atlas, (the only sequence actually given 
in the literature), and sequences com- 
puted from the mean values published by 
Pyle and Sontag (43), Stuart and Steven- 
son (754), and by Greulich and Pyle (’59) 
for Brush Foundation children. Other data 
like those of Sutow (758) and Mackay 
(52) and the earlier data of Flecker (42) 
did not lend themselves readily to se- 
quence determination and are, therefore, 
not included in the present comparison. 

As is evident in table 1, the various 
sequences agree in the main, in that cen- 
ters reported as early in appearance by 
one author are similarly reported as early 
by another. Rank-order correlations be- 
tween various sequences are therefore 
high (e > 0.9), a fact that may be ex- 
plained in part by the use of Pyle-Sontag 
data by Stuart and Stevenson, and over- 
lapping between the Pyle-Sontag and pres- 
ent data. Nevertheless, there are differ- 


TABLE 2 


Summed rank differences (Xd) between different ossification sequences 
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ences between the sequences, differences; 
as high as 26 using the summed rank-} 
deviation technique (2d). As shown ini 
table 2, the mean and median sequences} 
from the present study differ somewhat, 
greater or lesser differences are to be} 
found in sequences derived from the pub- 
lished data, and even subsamples from) 
the same population sample differ in mean| 
sequence. Since data on 50, 100 and “all” 
boys and girls in the Brush Foundation 
Study (Greulich and Pyle, ’59, pp. 16-17) 
differ in the sequences they provide, andj 
since the Pyle-Sontag data and the pres- 
ent data yield somewhat different se- 
quences for the Fels population, sampling 
errors are undoubtedly involved. Never- 
theless, uniformity of sequence is far 
from certain and there is every indicatiom 
of a true sex difference. 

Following these excursions into massed-} 
data sequences, attention was next di- 
rected to individual variations in ossifica- 
tion order. To do this the most variable 
and least variable boys and girls in ossifi+ 
cation pattern (or) were selected, using: 
the upper 15% in pattern variability as 
indicative of the most variable children: 
and the lowest 15% as indicative of the 
least variable children. Individual ossifii 
cation sequences were determined, after 
reviewing the radiographs for each child! 
By way of comparison median sex-specific 
ossification sequences for the present study 
were used, because of skewness and sexi 
ual dimorphism as previously noted. 

As is shown in table 3, where individua} 
ossification orders for the most variable 
boys and girls are tabulated, large devia 
tions from the median order of appearance 


2 Correlations between or, the measure of pat 
tern variability, and the date of birth were 0.07 
for 154 boys and girls. 


Source of data I 


I This study, median — 


II This study, mean 18 
III Pyle and Sontag (43) 14 
IV Stuart and Stevenson (’54) 12 

V Greulich and Pyle (pp.16—17) 18 
VI Greulich and Pyle (p. 186) 16 


a Il IV Vv VI 
Girls 

6 12 4 12 24 
- 6 6 10 26 
16 — 12, 8 24 
14 4 — 8 22 
12 8 6 — 20 
20 8 12 12 = . 
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exist. In extreme cases centers ordinarily 
appearing 17th or 24th in ossification 
order, appeared as early as Sth or 6th. 
In other cases, centers ordinarily earlier 
in rank order of ossification appeared late. 
Quantifying these deviations from the 
median order by the statistic Xd, that is 
the summed rank deviation, values of Xd 
as high as 100-106 were obtained. While 
certain ossification centers were partic- 
ularly prone to deviation in ossification 
order, giving rise to large Xd values, all 
of the bony nuclei of the hand and wrist 
proved subject to deviations in order of 
appearance, and there was no systematic 
tendency for deviant centers to be either 
exclusively late or exclusively early in 
their departure from the median order. 
Individual deviations from the median 
ossification order are further depicted in 
figures 1 and 2. In figure 1, a highly 
aberrant ossification order is shown, an 
order strikingly in contrast to the median 
ossification sequence. Other aberrant 
cases are graphed in figure 2, along with 
the least deviant boys and girls, who still 
do not fully conform to the median ossifi- 
cation order. Radiographic examples of 
aberrant ossification sequences are repro- 
duced in the halftones (figs. 3 and 4) 
showing that unusually early appearance 
of particular carpal centers, unusually 
late ossification of certain of the carpal 
bones, or atypical orders involving meta- 
carpal or digital epiphyses all contribute 
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Fig. 2 Comparison of boys and girls with most deviant ossification orders (dotted lines) | 
and children least deviant in ossification sequence (heavy lines). As shown, even the least 
deviant children in the study depart from the median order of sequence. 
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Fig. 1 Graphic representation of the mos3 
aberrant ossification sequence encountered among; 
75 boys in the series as compared to the mediaz} 
ossification order. In this subject, Fels no. 8, bottl 
positive and negative deviations from the mediarj 
order contribute to the high rank deviation (2d)) 


to such aberrant sequences as are detailed 
in table 3. | 

Since this analysis revealed a high proj 
portion of aberrant ossification orders 
when all 28 ossification centers were con) 
sidered, further attention was paid to the 
carpal centers (excluding the Navicular’ 
since the carpals have been considered a 
regular and consistent in order of appear 
ance. The actual ossification order fo 
6 carpal bones was ascertained individ: 
ually for all 154 boys and girls, assignin; 
the sequence given by Greulich and Pylf 
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whenever “bunching” of centers occurred. 
aNevertheless, the textbook sequence was 
ignot the only order, and in the boys it was 
jimot even the majority sequence. For 75 
iiboys, only 49% followed the Capitate- 
##Hamate - Triquetral - Lunate - Greater 
f Multangular - Lesser Multangular order 
{(table 4); 12 alternative sequences were 
fobserved for them. In the girls a 
flarger proportion (61% ) adhered to the 
sequence given; nevertheless the 79 girls 
were distributed among a total of 10 dif- 
}ferent sequences for these 6 carpal centers. 
In all, 15 sequences were found, instead 
lof the one that had been suggested (cf. 
table 4). 

Having considered variations in order 
lof appearance of the 6 carpal centers, as 
dwell as variations in all 28 centers, atten- 
tion was next directed to explanations for 
ysuch variations. One possibility suggested 
by the literature was that abnormalities 
in ossification order might be associated 
with late osseous maturation. Another, 
apparently confirmed by studies on mal- 
‘mourished children, was that aberrant os- 
sification orders were associated with ill- 
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Fig. 3 Radiographs of the hand and wrist of subject no. 8 at 9 months of age showing 
unusually early appearance of the Triquetral and Lunate. 
Fels no. 509, similarly evidenced early appearance of these two centers at 6 months of age, 
thus contributing to a comparably deviant ossification order. 


The daughter of this subject, 


ness, possibly to the extent that particular 
centers would be markedly delayed by epi- 
sodes of ill health. 

In order to test the first possibility, 
namely that pattern abnormality was as- 
sociated with late hand-wrist development, 
the statistic or (the measure of pattern 
variability ) was correlated with the statis- 
tic Xx, the index of ossification status. 
Since neither the sex-specific nor the com- 
bined-sex correlations between or and Xr 
were significantly different from zero, the 
hypothesis in question could be rejected 
for the present population sample. Devia- 
tions in ossification order were not asso- 
ciated with late hand-wrist ossification. 

The possibility that aberrant ossification 
sequences were associated with episodes 
of ill-health even in clinically-healthy chil- 
dren was explored using the complete 
health-history data available for each of 
the high-variability and low-variability 
boys and girls. To avoid bias, an inde- 
pendent observer reviewed the protocols 
without knowledge of the ossification sta- 
tus of the children involved. All recorded 
episodes were assigned to one of 4 noso- 


226 STANLEY M. GARN AND CHRISTABEL G. ROHMANN 


Fig. 4 Aberrant ossification sequence. Left, Fels subject no. 329 at 2.5 years of age show- 
ing the presence of the epiphyses of the proximal and middle segments of the digits and 
the absence of the epiphyses of the metacarpals. The arrow calls attention to the distal epi- 
physes of the radius which ordinarily precedes the epiphyses of the digits. Compare with 
Standards 8 and 9 in Greulich and Pyle (’59). Right, subject no. 197 showing delayed 
appearance of several carpal centers. Compare with Greulich and Pyle (59) Standard 15 
and Garn and Shamir (’58, fig. 8). 


TABLE 4 
Sequence of appearance of 6 carpal centers in 154 children 


Boys Girls 
Sequence i 2 3 4 5 6 

No. % No. % 
A Ca Ha Tr Lu GM LM? 37 49 48 61 
B Ca Ha Ay Lu LM GM 20 PaFl 18 23 
(6) (Oh) Ha Abse GM Lu LM 3) 4 1 1 
D Ca Ha Tr LM Lu GM 2 3 3 4 
E Ca Ha (be GM LM Lu 1 i 1 il 
F Ca Ha A be LM GM Lu 1 1 ~ - 
G Ca Ha Lu Tr GM LM 3 4 2 3 
H Ca Ha Lu iy LM GM 3 4 1 1 
I Ca Ha Lu GM ‘ire LM - - 1 1 
J Ca Ha Lu LM Tr GM 1 1 - - 
K Ca Ha LM Tr Lu GM il 1 - - 
L Ha Ca Abn, Lu GM LM 1 1 2 
M Ha Ca Tr Lu LM GM 1 al - - 
N Ha Ca Lu Abr GM LM 1 1 - - 
O Ha Ca Lu Tr LM GM - - 2 3 


ogical classifications: acute infectious, 
jupper respiratory, gastro-intestinal and 
allergic, since major accidents during in- 
fancy and early childhood were not re- 
ported for the group in question. 

In the girls, and for the first 7 years of 
jlife, there was no difference either in the 
jnumber of episodes of ill-health reported, 
or in the type of illness noted. As shown 
in table 5, a total of 193 illness episodes 
ere recorded for the girls high in ossifica- 
{tion variability, as contrasted with 196 
for the girls in the lowest 15% for pattern 
wariability. In the boys, however, there 
was a distinct difference. The boys ex- 
hibiting aberrant ossification sequences, 
accounted for 205 episodes of upper-res- 
piratory disease as contrasted with 133 
in the boys low in ossification variability 
(cf. table 5). 

However, careful review of individual 
illness data revealed that much of the 
difference in the boys was attributable to 
yone lad (no. 227) with a reported total of 
650 episodes of ill health (including 48 
fepisodes of upper-respiratory distress) as 
{contrasted with an average of 15 such 
pisodes for other boys in the series over 
ithe same 7-year period. It was observed 
that his mother, a registered nurse still 
jprofessionally active, tended to report far 
jmore illness data than was usual. For 
jexample, two of his siblings had close to 
14 times as many reported incidents of ill 
thealth than the average of 4 other chil- 
jdren matched-paired with these siblings 
on the basis of sex and date of birth.® 
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Accordingly, we are inclined to discount 
the data on this particular child, and 
have therefore separately tabulated illness 
information for the remaining boys in his 
subgroup (see table 5). However, the 
data including subject no. 227 are also 
given. Relationships between illness—ex- 
perience and ossification variability in 
boys thus remain equivocal, though no 
such relationship is demonstrable for the 
girls in the present study. 

In summary, various massed-data ossi- 
fication orders are not necessarily identi- 
cal, though sampling error may account 
for some of the dissimilarities. Investi- 
gated on a longitudinal basis using serial 
data, individual deviations from the 
massed-data sequence are the rule and 
may be considerable indeed. Even the 
carpal centers do not neatly adhere to the 
textbook sequence. Divergences in hand- 
wrist ossification sequence are not related 
to delayed osseous maturation, and within 
the sample investigated there was no 
clear-cut evidence that atypical sequences 
of hand-wrist ossification were character- 
istic of children with stormier health 
histories. 


3 Two siblings of subject no. 227 (Fels nos. 179 
and 343) were reported as having 45 and 58 
episodes of ill health during the first 7 years 
of life. Pairing on the basis of sex and birth date 
for Fels subjects no. 182 and 185, 7 and 20 epi- 
sodes of ill health were reported for the same time 
period, and for Fels subjects no. 336 and 354 a 
total of 21 and 12 such episodes were recorded. 


TABLE 5 


Comparative 7-year health histories of boys and girls highest and lowest in 
ossification variability 


Acut U Gastro- “i 
Group and sex eer Hous Peer eatery. Tatectinal Allergic 
Total no. of episodes 
11 Least variable boys 26 133 45 TIS 
11 Most variable boys 34 205 64 9 
10 Most variable boys! 31 157 54 9 
12 Least variable girls 33 157 60 13 
12 Most variable girls 25 149 48 10 
Average no. of episodes 
11 Least variable boys 2.4 12.2 4.1 1.3 
11 Most variable boys 3.2 18.6 5.8 0.8 
10 Most variable boys! 3.1 15.7 5.4 0.9 
12 Least variable girls Qe. 13.1 5.0 1.1 
12 Most variable girls Del 12.4 4.0 0.8 


1 Minus subject no. 227. For explanation see text. 
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DISCUSSION 


It is apparent in the present study that, 
despite assurances in the literature, the 
order of appearance of the postnatal cen- 
ters of ossification of the hand and wrist 
is not necessarily constant, either on an 
individual basis or a group basis. 

Comparing various ossification “se- 
quences” obtained by ranking mean ages 
at ossification for hand-wrist centers, 
agreement is by no means complete. Rank 
differences as great as 26 exist between 
ossification sequences given by various 
authors. While the discrepancies may 
stem from true differences between the 
various populations sampled, divergences 
between mean ossification sequences for 
successive subsamples of the Brush Foun- 
dation and Fels Institute populations sug- 
gest that sampling error is also involved. 
Under these circumstances much larger 
samples are obviously necessary to estab- 
lish the true mean order of ossification 
for the 28 centers here considered. 

That sex differences in ossification order 
exist now appears to be a certainty, with 
the Triquetral consistently later in the se- 
quence in girls and the Greater Multangu- 
lar-Lesser Multangular sequence also a 
feminine characteristic. However, skew- 
ness of many of the age-at-ossification 
curves indicates that the median ages at 
ossification would be more appropriate in 
establishing a typical sequence than the 
mean ages commonly used. But before 
urging sex-specific ossification orders 
based on median values, the limitations 
of such constructs should be noted. As 
Daniels showed in his “Average Man” 
(Daniels, 52) a compilation of averages 
(or medians) becomes less and less use- 
ful as the number of such averages in- 
creases, and that is precisely what we 
find in this study of ossification sequence. 

On an individual basis, in clinically- 
healthy middle-class children from a rel- 
atively homogenous population sample, 
variability in ossification sequence proved 
the rule and not the rarity. The most 
deviant children exhibited summed rank 
differences of 100 and more, which is to 
say that each center differed from its 
median ranking by an average of 4. Even 
the least deviant boys and girls differed 
from the median order for the study. Con- 
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trary to expectation these deviations we1 
not due exclusively to late-appearing cer; 
ters, nor were the carpals entirely respor 
sible for rank-order deviations. Met; 
carpal and digital epiphyses contribute: 
their share to the aberrant ossificatioy 
sequences. The Ulnar epiphysis in turr} 
though highly variable in age at ossificé 
tion, proved relatively consistent in oss¥ 
fication order.* | 

Restricting the study to the order q 
appearance of 6 carpal centers previous} 
reported as “constant and the sam 
for both sexes” (Greulich and Pyle, ‘5% 


of the girls differed from the sequend 
Capitate - Hamate - Triquetral - Lunate 
Greater Multangular - Lesser Multangulajj 
Of the 30-odd sequences mathematicalll 
possible for these 6 centers, 15 were ae 
tually encountered, even though “bunched 
centers were arbitrarily assigned the texd 
book order. i 

One common explanation for aberrar 
ossification order has been osseous reta: 
dation with the assumption that such dé 
velopmental retardation favors pattery 
variability. However, using the statisti! 
or aS a Measure of pattern variability, a 1 
the value of Xr as an indication of deve: 
opmental status, correlations between th 
two were uniformly close to zero in bott 
sexes. A second explanation for atypicé 
ossification orders, namely illness or cai 
oric deprivation, finds no certain suppos 
in our data. Granted that hand-wrist oss: 
fication may be retarded in malnourishe: 
children (Dreizen et al., 58) and tha 
“anamolous” centers may be more frequent 
in such children,’ confirmation is no 
found for the proposition that variabiliti 
is thus enhanced. Illness and caloric dé 
ficiency may favor pattern abnormalit 
but atypical ossification patterns are stil 
to be found in the absence of maja 
growth-retarding states. 


*Dr. C. W. Asling informs us that the pos 
natal variability in appearance of metacarpal ant 
phalangeal epiphyses in the Rhesus monkey | 
substantial. 

5 O’Rahilly includes the reminder that such ce 
ters are merely calcified foci and not multip) 
ossification centers (O’Rahilly, ’57, p. 16). / 


At one point in our study, we were at 
f loss to reconcile the considerable vari- 
ability in ossification order that our data 
revealed with the contrary opinions ex- 
joressed in the literature. Various sugges- 
ions were entertained, including the pos- 
sible uniqueness of the Fels sample. 
idowever, upon reviewing the literature 
‘rom the earlier studies of Pryor (06, 714, 
29), through Flory (735), Flecker (’42), 
Pyle and Sontag (743), Todd (37), 
Mackay (752), Sutow (753), Greulich and 
Pyle (59) it was evident that with the 
¥exception of Pryor (’07) actual ossification 


Notably, such massed data are ineffective 
| revealing individual sequences. In 
amuch the same way, statements concern- 
‘ng population similarities in ossification 


{ndividual ossification orders. As with 
jfooth eruption sequences, we would not 
e surprised to find population differences 


d@iand-wrist ossification (cf. Garn, Lewis 
i nd Shoemaker, ’56). 

This study, however, is not an attempt 
go emphasize variability in ossification in 
itontrast to constancy. Without question, 
jhe Capitate and Hamate are always 
hither first or second in ossification order. 
(he Navicular, Greater and Lesser Mul- 
s#angulars (Trapezium and Trapezoid) and 


nnd 28th in the ossification sequence. 
Rather, we are here interested in the quan- 
lification of variability in one aspect of 


orphological Pattern” and how this total 
morphological pattern differs from child 


Though we disagree with Greulich and 
Pyle in their opinions as to constancy and 
egularity in ossification sequence, these 
Rifferences do not reflect upon the Greu- 
ich-Pyle skeletal-age method. If their de- 
Yailed method of hand-age analysis is 
sroperly used, late-appearing centers do 
hot influence the results, since they are 
hot assigned skeletal-age values. How- 
ever, such extreme variations in ossifica- 
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tion order as are apparent in subjects 
no. 8, 140 and 239, greatly affect skeletal 
age estimates based on mere enumeration 
of centers, and for this reason we are 
skeptical of such methods even when Fels 
norms are used. 

This investigation has_ deliberately 
avoided the genetical aspects of ossifica- 
tion order, intentionally excluding like-sex 
siblings, monozygotic twins and parents 
and children from the tabulations. We are 
aware that ossification orders are not pre- 
cisely the same in single-egg twins and 
triplets, thus admitting the role of exog- 
enous factors, including bilateral assym- 
etrics (cf. Baer and Durkatz, 57). Never- 
theless, we are impressed by the quite 
accidental discovery that subjects no. 8 
and 509 (father and daughter) had iden- 
tical highly-aberrant sequences, and recall 
the late-appearing syndrome (Garn and 
Shamir, ’58, p. 45), Breitbach’s analysis 
of Fels sibling similarities, and the work 
of Reynolds (’43) and Sontag and Rey- 
nolds (44). It seems reasonable to suggest 
that, in a putatively healthy population, 
small deviations from the typical ossifica- 
tion order are the product of chance and 
environment (cf. Baer and Durkatz, ’57) 
while large and aberrant deviations in 
ossification sequence are in such a group, 
largely gene-determined. 

Further analysis of ossification orders 
using siblings, parent-child combinations 
and single-egg multiple births would be 
most desirable. 


SUMMARY 


1. The order of appearance of 28 post- 
natal ossification centers of the hand and 
wrist was investigated in 2880 serial longi- 
tudinal radiographs of 154 clinically- 
healthy Ohio-born children. 

2. As compared with the median se- 
quence for each sex, great variability in 
ossification order was observed, with rank 
deviations (Xd) as high as 106 in extreme 
cases. Even the least variable children 
exhibited notable divergences from the 
median sequence. 

3. Although the order of appearance of 
the carpal centers has been reported as 
“constant and the same for both sexes,” 
the majority of boys and 39% of the 
girls differed from the textbook sequence 
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for 6 carpal centers. A true sex difference 
in sequence was obvious for the Triquetral 
and Greater and Lesser Multangulars. 

4. No relationship was found between 
pattern variability in ossification, as meas- 
ured by the statistic (or) and overall os- 
seous maturity (Xr). 

5. Those children with deviant ossifica- 
tion orders were not characterized by more 
episodes of illness during the first 7 years 
of life. 

6. The inadequacy of ossification orders 
based on mean or median values was 
demonstrated and the probability of true 
population differences in actual ossifica- 
tion orders was suggested. 
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Dr. William W. Greulich, president of 
he American Association of Physical 
(Anthropologists, is one of the most orig- 
jnal, far- oe and versatile workers on 


manity and individuality. These processes 
are the genetic, hormonal, and environ- 


fation, and implantation of the human egg 
mnd the timing of each critical stage in 
jater growth. Perhaps because penetration 
q@nto the causal nexus of our development 
flemands cautious statement as well as 
laring ideas, Dr. Greulich is an extra- 
rdinarily modest man. 

_ For the anthropologist Dr. Greulich’s key 
wchievements are, first of all, the organiz- 
#ng and directing of the Adolescence Study 
nit at Yale during the 1930’s. This was 
whe first truly interdisciplinary analysis of 
Muman growth and development and it 
included people from anatomy, physiology, 
biochemistry, pediatrics, psychology, and 
ociology all working actively in their own 
lepartments of the medical school. Sec- 
f)nd, through the good fortune of succeed- 
mg T. Wingate Todd as director of the 
Brush Foundation in Cleveland in the early 
940’s, Greulich completed Todd’s program 
f setting up optimal growth standards, 
@argely on the skeleton, of critical useful- 
less to pediatrics, nutrition, etc., and of 
yreat interest for human genetics. Third, 
m leave from Stanford University in the 
late 1940’s as consultant to the Committee 
m Atomic Casualties, Greulich had the 
Ppportunity to extend his study of growth 
ind development to non-white children. 
He studied children in Guam and in Japan, 
doth those who survived the atom-bombing 
bf Hiroshima and Nagasaki and controls 
from surrounding regions, and American- 
porn Japanese children, all in comparison 
with American children and with each 


other. Finally he has done radiological 
studies of newborn Africans in Uganda, 
and of individuality of the hand skeleton 
in youth to adulthood. 

At the outset of his career, in Denver 
and Stanford in the late 1920’s Greulich 
worked out the incidence of human mul- 
tiple births in various populations and the 
role of heredity in their causation: in other 
words the genetic and ecologic background 
of extra fertility of one sort. His demon- 
stration that deepening in shape of the 
bony birth canal in American and other 
women reflects improved nutrition and 
better economic status is a classic study, 
partly because he showed how pelvic 
growth timing relates to the rest of the 
skeleton and to specific stages of puberal 
and adolescent development in girls and in 
boys. I am reminded that two key squeezes 
in human evolution are fertility in relation 
to life span and the relation between the 
increasingly huge human brain and the 
pelvis through which this must pass at 
birth. 

In the functional physiology of concep- 
tion and pregnancy Dr. Greulich pioneered 
in establishing the basal temperature 
change which accompanies ovulation and 
the detailed stages and development of the 
corpus luteum on the ovary. He worked 
further on the interaction between pitui- 
tary and steroid hormones mediating the 
precise physical changes of puberty and 
adolescence. 

Professor Greulich is head of the Stan- 
ford University department of anatomy, 
where he is a creative teacher. We usually 
undervalue teaching. This point deserves 
stress because from working with students 
one learns caution in judging performance, 
optimism in seeing ideas develop, respect 
for the rights of others, and a love of truth 
and of hard work. 

It is precisely these qualities — cautious 
optimism, hard work, respect for others, 
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and love of truth—which ensured the suc- 
cess of what Dr. Greulich calls his extra- 
curricular activity: his years in Germany 
from 1952-54 as science advisor to the 
U.S. High Commissioner, Dr. James Bryant 
Conant (and as chairman of the U.S. Edu- 
cational Committee to the Federal Repub- 
lic of Germany). This work, he notes, 
gave him a great deal of satisfaction both 
for what was accomplished officially and 
for the chance to visit the universities of 
West Germany and Austria and to know 
well many of their teachers. This was 
pioneering work, in which Greulich set the 
precedent, and which he carried out so 
well that the Foreign Service last year 
reinstituted the Science Advisor program. 
Such work is the breath of life to inter- 
national amity and vital to American 
science. 

What sort of man has achieved this 
stature? 

Dr. Greulich was born in Columbus, 
Ohio, in 1899. His great grandfather was 
among that group of hungry Germans who 
emigrated in 1848 and whose contribution 
to our midwest was great, since their hun- 
ger was as much for culture as for bread. 
Greulich’s childhood was not care free. 
After his parents died he worked at night 
and in summers (as a clerk, as a pool hall 
rack boy, and as a flagpole painter) in 
order to finish high school. Then he en- 
listed in the Army and spent some time in 
Veterans’ hospitals before attending Ken- 
yon College where he got a bachelor of 
philosophy degree in 1926. Meeting these 
challenges was not only a matter of guts 
and patience but also of one further qual- 
ity, a true sense of humor. Out of this ad- 
versity he drew a far stronger philosophy 
than most college students have; it was 
typical of his clarity of purpose that he 
married, before finishing college, a most 
capable woman who was a Red Cross ad- 
ministrator and became his assistant in 
much of his later research. They settled 
in Denver, Colorado, where he taught and 
studied biology at Regis College and at the 
University of Colorado, and where his sons 
were born. Here he did his research on 
the ecological, demographic, and genetic 
background of twinning, influenced in part 
by the ecologist Francis Ramaley and Har- 


WILLIAM W. GREULICH 


vard pediatrician Alfred Washburn, whi 
had just started the Child Research Coun 
cil for the Study of Human Growth. | 
In 1931 the genetically minded analj 
omist, C. H. Danforth, induced him tf 
come to Stanford, where he got his Ph. BI 
in 1934. Danforth and A. W. Meyer furl 
ther aroused his interest in endoe ray 
mediation of growth processes. Such wa 
the multiple background which stimulated H 
Greulich’s many-sided research as well 2 
his skill in cooperative enterprises. Dill 
Greulich is an author of two books 03} 
adolescence, a series of books on skeleta} 
maturation, and many original articles; 
He is a member of the Society for Researcl| 
in Child Development, Sigma Xi, AAAS) 
AAPA, American Association of Anate if 
mists, and editor of scientific journals. | 
In Dr. Greulich we honor a man 
notable for his modesty as for his achieve 
ments, a man as successful in carrying ou 
interdisciplinary research as in plannin| 
it, a man whose counsel our governmen 
sought for practical reflections of his re 
search, and a man who has raised a briii 
liant family with the same enthusiasm ang 
scope seen in his lecturing throughout thii 
country and abroad. We honor him a 
investigator, teacher, and sound adviso¥ 
And specifically the American Associatiog| 
of Physical Anthropologists cite him a 
recipient of the Viking Fund Medal ane 
Award in Physical Anthropology “in recog 
nition of his efforts to perfect and ma cA 
available accurate studies in the U.S} 
Guam, and Japan on the effect of environ 
ment and race on the growth and develoy 
ment of the individual.” 
Dr. Paul Fejos, as President of thi 
Wenner-Gren Foundation for Anthropolog 
ical Research, presented at the fourteentl 
annual dinner at the Plaza Hotel on Marc} 
4, 1960, the Viking Fund Medals an 
Awards for 1959 to the winners respec 
tively chosen by the American Anthropolog 
ical Association, the Society for America 
Archeology and the American Associatio) 
of Physical Anthropologists. The vice 
president of this last group read the cita 
ton for Dr. W. W. Greulich, as medalis 
and president of the Association. 


ia 


| 
J. LAWRENCE ANGEL, Vice-Preside 
American Association of Physical Anthropologist 
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Brasil 


fis interesting to study immigrants, not 
fonly to know the frequencies of genetic 
traits in their ethnic group, but also to 


i try. With this double purpose, we analyzed 
4a number of unrelated, almost exclusively 
adult Russian immigrants, who had ar- 


yjBrazil. They belong to a large religious 
tsect (Raskolniki or Old Believers) which 
dissented from the reforms introduced into 
4the Russian Orthodox Church in 1654. 
4Known as conservatives, ascetics and ab- 
istemious, they form an isolate which 
maintains old practices and customs. The 
oldest members of the group analyzed 
were born in different parts of USSR, the 
middle aged and younger ones were born 
jin China (where they migrated to after 
ithe Communist Revolution) and the in- 


jfants were born in Hong Kong (where 


1 Brazil). 
' The purpose of this note is to present 


these immigrants. More data will be ob- 
"tained and published later. 


Taste thresholds for 
Phenylthiourea 


} Weak solutions of the chemical Pheny]l- 
thiourea (PTC) is tasted by some persons 
) (tasters), but not by others (non-tasters). 
|The incapacity to taste the substance, or 
ithe capacity to taste it only in strong 
4 solutions, is considered to be conditioned 
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jGenetic Analysis in Russian Immigrants' 
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Taste thresholds for PTC in Russian 


by a main autosomic recessive gene. Dif- 
ferent populations may show different 
frequencies of non-tasters, and, on this 
subject, a number of papers have been 
published. Regarding people from USSR, 
previous data showed frequencies of non- 
tasters around 20% and 40% (Boyd and 
Boyd, °37). The technique used in testing 
these subjects was not very precise how- 
ever. In our analysis, the technique de- 
veloped by Harris and Kalmus (’49) was 
used, but the solutions were prepared with 
distilled water instead of boiled tap water. 

The results are given in figures 1, 2, 3, 
and tables 1 and 2. The antimode between 


1 This work has been supported by grants from 
the Research Council of the University of Parana, 
the National Research Council of Brazil, and the 
Rockefeller Foundation. 
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Fig. 2 Taste thresholds for PTC in Russian 
males. 


tasters and non-tasters is clearly seen as 
situated between solutions 3 and 4 in both 
sub-samples of males and females or in 
the total sample. Regarding sex, no statis- 
tically significant difference was found be- 
tween the frequencies of tasters and non- 
tasters, as well as between the mean taste 
thresholds (table 1). The pooled data 
(males plus females) show one of the 
highest frequency of non-tasters thus far 
observed (43% ). 


TABLE 1 
Distributions of the PTC taste thresholds among males and females 


A. FREIRE-MAIA, N. FREIRE-MAIA AND A. QUELCE-SALGADO 


Comparing the frequencies of non-tast:| 
ers in our data to those obtained by Boyd: 
and Boyd (’37) in Zagorsk (37% ) and 
Kharkov (42% ) one finds that the differy} 
ences are Statistically not significant (x? =| 
0GE P21 0 30" and) 1.17, P > 0.20, res 
spectively ). An opposite situation is found} 
however when one compares our data taj 
those obtained in Tiflis (23% non-tasters )] 
by the same authors (x? = 11.16; P <j 
0.01). | 
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Fig. 3 Taste thresholds for PTC in Russigga 
(males plus females). 


Females 


Males Total | 
PTC sensitivity 
a D) 3 5 
Ss 8 4 12 
1 il 3 4 
2, 2 1 S 
3 1 1 2 
4 = = 2 
5 1 — 1 
6 1 = 1 
7 4 4 8 
8 9 6 15 
9 3 3 6 
10 1 1 >) 
ill 1 - 1 
Total 34 26 60 
Non-tasters 
Per cent! 41.18 46.15 43.33 
Gene freq.? 0.6417 0.6794 0.6583 
Mean threshold 4.91+ 0.66 4.65+0.76 4.80+0.50 


n=no one solution was tasted. 

s = saturated solution. 
1 Statistical analysis: x?=0.15,P=70%. 
* Statistical analysis: t=0.26, P—80%. 
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TABLE 2 


Mean taste thresholds for tasters and non-tasters among Russians (immigrants to the State 
of Parand) and Caucasians from Curitiba, the State capital 


Tasters Non-tasters Total 
Russians 8.00 + 0.20 0.62+0.19 4.80+0.50 
Curitiba 8.49+0.13 1.54+ 0.28 6.67+ 0.35 
Statistical t=2:.06 tS=2:75 t=3.09 
analysis P < 0.05 P<0:02 Pr 10,01 


| It would be interesting to compare our 
ussian data to those obtained in a sam- 


(from Curitiba (26.09% ; N = 92) revealed 
jthat the differences are statistically sig- 
Wnificant (x? = 4.89; P<0.05). The low 
#mean taste threshold of the Russians (4.80 
= 0.50), which is significantly different 
from that of Curitiba (6.67 + 0.35), could 
(perhaps, at first sight, be considered as 
fdue to their high frequency of non-tasters 
1(43.33% ), when compared to that fre- 
Wquency in the sample from Curitiba 
((26.09% ). Table 2 shows however that 
athe low mean taste threshold of the Rus- 
psians is not due exclusively to their high 
requency of non-tasters, since the mean 
ithresholds among tasters and non-tasters 
jin the Russian sample are also statistically 
lower than those in the Curitiba sample. 


TABLE 3 
Frequencies (%) of the finger print types 


Finger prints 


Data obtained in 19 males and 17 fe- 
males regarding the frequencies of finger 
print types (table 3) and mean ridge 
counts (table 4) are presented. The main 
findings may be summarized as follows: 
(1) A low frequency of arches, an inter- 
mediate frequency of whorls, and a high 
frequency of loops (ulnar loops being more 
frequent than radial ones) have been 
found in both sexes. (2) Females show 
a higher frequency of whorls and a lower 
frequency of arches than males, but the 
differences are not significant (x* equal to 
0.78 and 2.67, respectively). (3) Com- 
pared to the left hand fingers, right hand 
fingers show higher mean ridge counts in 
4 cases in males and in three cases in 
females, as well as in the mean of the 
5 fingers both for males and females. 
(4) Right finger I in males and females 
shows the highest mean ridge counts of 
all the fingers. (5) In the R+L data, 
fingers I and IV present the highest mean 
ridge counts in males and in females. 
(6) The mean total ridge count is 137.68 
+ 10.57 for males and 156.88 + 8.72 for 


Males Females Total f i (th diff : prot 1 
emales e difference is not statistically 
oe le a? ee significant, since t = 1.38). 
ers j Sa yee seri Findings 1, 3, 4, and 5 are in the same 
Beas 57.61 55.62 56.66 direction as those generally available in 
b Whorl aout hows nee the literature, but findings 2 and 6 are in 
tes : : : the opposite direction (as a matter of fact, 
TABLE 4 
Mean ridge counts in the right (R) and left (L) hand fingers 
Males Females 
Ee eee R ip Rat R i Raw 
I 21.05 16.00 18.53 19.29 15.76 17.53 
II 11.63 10.89 1 EOA7/ 13.59 13.56 13.58 
III 11.58 11.29 11.44 13.41 13.76 13.59 
IV 15.74 18.00 16.81 18.06 18.41 18.24 
V 13.05 12.83 12.95 16.06 15.76 15.91 
I-V 14.62 13.81 14.22 16.08 15.48 15.78 
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finding 6 is probably a consequence of 2) 
(cf. Cummins and Midlo, 43). Other com- 
parisons of mean ridge counts do not al- 
ways show identical results to those gen- 
erally found in the literature, but the 
differences are too small to suggest, in so 
small a sample, any biological signifi- 
cance. 


Color vision 


Using the twelfth revised edition of the 
Ishihara tables, tests were made with 25 
males and 38 females. All the females 
proved to be normal, but two males were 
protanopes and two were deuteranopes, 
giving a frequency of color blinds equal to 
16% (8% for each type). Due to the 
small sample, this apparently high fre- 
quency does not differ significantly from 
the most common frequencies detected in 
other ethnic groups, as the error is about 
UI: 


Hand clasping 


When one clasps the hands, two alter- 
native positions are possible: the fingers 
of the right hand are put over the fingers 
of the left hand (type R), or vice-versa 
(type L). The trait is somewhat under 
the control of parental influence, which 
probably has a genetic nature (Freire-Maia 
et al., 58). Statistically significant differ- 
ences between the frequencies of the two 
types in a number of ethnic groups were 
also found. 

In our present data (table 5), no sexual 
difference was found (x’?=0.52; P> 
0.30). The pooled data (males plus fe- 
males) are statistically not different from 
those obtained in each one of the ethnic 
groups already studied. This situation is 
due to the small Russian sample, whose 
composition agrees, however, more closely 
with the data from the Caucasian group. 


TABLE 5 


Hand clasping in Russian immigrants (the sexual differences are statistically not significant) 


A. FREIRE-MAIA, N. FREIRE-MAIA AND A. QUELCE-SALGADO 


Fig. 4 A Russian boy shows the R type o 
arm folding (the right arm occupies the upper?’ 
most position). ; 


Arm folding | 
Arm folding presents two alternative po} 
sitions: R (for right; see fig. 4) and L (fon 
left), according to the arm occupying the 
uppermost position. Unpublished data ob, 
tained by the present authors suggest the 
action of pre-natal factors (probably ge 
netic in nature) on the presence of the 
trait. No simple Mendelian mechanism 
could however explain the findings. 
Unpublished population data, obtained 
among Caucasians, Mulattoes, Negroes: 
Mongolians and Indians, showed that R 
individuals are always the minority (wit 


Individuals 


R type L type Total | 
Females 18 (52.94% ) 16 (47.06% ) 34 1 
Males 15 (62.50% ) 9 (37.50% ) 24 
Total 33 (56.90% ) 25 (43.10% ) 58 
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TABLE 6 
Arm folding in Russian immigrants (the sexual differences are statistically not significant) 


Individuals R type L type Total 
Females 31 (93.94% ) 2 (6.06% ) 33 
_Males 21 (87.50% ) 3 (12.50% ) 24 
Total 52 (91.23% ) 5 (8.77% ) D7 


quency of the R type of arm folding. 


4 requencies generally around 40%) in 
fall the samples analyzed, excluding one 


ani Indians. Our present data show how- 
@ever a quite different situation, with a too 


#(see table 6 and fig. 5). A comparison 
between these data and the total data 
obtained in the ethnic groups cited above 
(41.53% R; N = 7633) shows that the 
didifferences are highly significant (x’ = 
fo7.41; P< 0.01). 


SUMMARY 


Data obtained in a sample of Russian 
immigrants to Brazil are presented. The 
)main findings are as follows: 

{ 1. The frequency of non-tasters to PTC 
! 

| 


1(43% ) is one of the highest so far found. 
he mean taste threshold is significantly 
Hlower than that obtained in a sample of 
(Caucasian subjects from Brazil. 

2. The analysis of finger prints did not 
Hdisclose any striking difference from what 
fis generally known in other ethnic groups. 


oe 
SR me 
Se 

% 


Fig. 5 A group of Russian immigrants, taken at random, show the extremely high fre- 


3. Regarding color vision, all the 38 
females analyzed proved to be normal. 
Among the 25 males tested, two were 
protanopes and two were deuteranopes. 

4. The frequency of the R type of hand 
clasping was 57%, which roughly agrees 
with previous data obtained in different 
ethnic groups. 

5. An extremely high frequency of the 
R type of arm folding (91% ) has been 
found. This is a completely new situa- 
tion, since all the data obtained in other 
ethnic groups showed frequencies gener- 
ally around 40%. 
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(Jarmo, Iraq:)" 


Many characteristics of the dentition 
gserve to distinguish individuals or even 
(populations from each other and can be 
gutilized in forensic, anthropologic and 
{dental studies. Odontologists have become 
jincreasingly aware of the existence and 
jthe significance of differences between 
fdentitions (Moorrees, 57; Pedersen, *49; 
} Dahlberg, °51). 

Various types of dentitions have existed 
throughout man’s history. Some were 
seemingly essential for survival in various 
‘environments, others were not. Conse- 
quently, it is of interest to know the mor- 
phology and conditions of the teeth in 
Wthe individuals who were associated with 
ithe great steps in man’s advance from 
mithe primitive to the modern. 

m6 One ~ of the most significant of these 
progressive moves took place in the tran- 
sition from the nomadic hunting and col- 


agricultural village life involving the culti- 
{vation of crops and the domestication of 
fanimals. This change did not develop 
necessarily as the culmination of the ef- 
[ forts of one precocious group, but probably 
#resulted from the gradually evolving com- 
}prehension and exchange of ideas in the 
‘environment which offered the proper 
moisture, soil, temperatures and condi- 
tions suited to such activities (Braidwood, 
58). There were circumstances in some 
‘geographical areas under which this could 
‘mot and did not happen. Related to our 
Ypresent civilizations it was in the lands 
Yof the fertile crescent of Mesopotamia, in 
4the wake of the withdrawal of the last 
iglaciation, that these favorable back- 
Ygrounds invited man with his increased 
capacities to forge ahead in what Childe 
#(@52) and others have called the agri- 


icultural revolution. 


'The Dentition of the First Agriculturists 


ALBERT A. DAHLBERG 


Zoller Memorial Dental Clinic and Department of Anthropology, 
University of Chicago, Chicago, Illinois 


In 1951 and 1955 Robert Braidwood 
(53, °59) and his associates engaged in 
successful expeditions in Iraq to locate 
some of these earliest villages. The site 
which they exploited is known as Jarmo 
and is located in the Kurdish foothills of 
north-central Iraq. The village dates back 
to 6750 B.C. = 500 years by Carbon 14 
determinations (Braidwood, 58; Braid- 
wood and Howe, ’60). 


MATERIALS 


In addition to the implements, pottery, 
dwelling evidences and other archaeolog- 
ical articles that were found, some of the 
bones and teeth of the Jarmoites them- 
selves were unearthed. Preservation had 
not been the best, therefore specimens 
were fragmentary. In total, parts of 7 
individuals were collected including 96 
permanent teeth and 30 deciduous ones 
with varying amounts of alveolar bone 
still attached to the teeth. 

The bones were very friable and had 
to be cleaned and prepared with the utmost 
care. The teeth had a normal outward 
appearance. However, because they were 
leached without mineral replacement such 
as ordinarily occurs in the fossilization 
process, they were very easily broken, 
such as a piece of chalk under pressure 
(fig. 1). This was an advantage for in- 
specting the interiors of the teeth to study 
pulp chamber size and other details. Sev- 
eral specimens of each type of tooth were 
available. The material was not sufficient 
to permit a definitive statement on the 
teeth, but it does give some intimation of 
the dentition of these people. 

"1 This study was supported in part by the 


National Institute of Dental Research grant 
D-165. 
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(such as the role of emotional factors in 
measurements of skin resistance); and 
greater awareness of what goes into a good 
study will aid them in gaining the con- 
fidence of foundations, colleagues, and 
administrators. The larger number of stu- 
dents of human growth, and of those en- 
gaged in comparable studies of other 
aspects of human biology, will value this 
book chiefly as an introduction to some of 
the published work in this area of knowl- 
edge, and for the critical apparatus to aid 
in its appreciation. The general use of 
non-technical language to explain techni- 
cal concepts is commendable. References 
which may puzzle the uninitiated reader, 
for instance one to “the familiar Gompertz 


THE DEATH of ADAM. By John C. Greene. Iowa State University Press, Ames, 


Iowa. 1959. 388 pp. 


The Death of Adam is an intellectual 
history of the emergence of the idea of 
evolution. The book is unusually well 
written and lavishly illustrated; two fea- 
tures which make for pleasant as well as 
informative reading. The author is Pro- 
fessor of History at Iowa State University, 
and in 1959 this volume was awarded the 
Centennial citation and prize as the Most 
Outstanding Manuscript by an Iowa State 
faculty member. 

The objective of The Death of Adam is 
“to trace the leading ideas which entered 
into Darwin’s great synthesis.” To accom- 
plish this goal the author begins in the 
latter part of the seventeenth century, a 
time in which theological explanations for 
naturalistic observations are not only com- 
mon, but in fact, the rule of the day. In 
the first four chapters Greene sets the stage 
for an ideological conflict between the 
“stability and orderly” view of nature and 
the “chance and change” view which ulti- 
mately triumphs. The conflict is told with 
a keen awareness and with continual re- 


BOOK REVIEWS 


equation,” are notable for their rarity. The 
illustrations augment and elucidate the 
text. By setting standards as high as o 
higher than those of the best-conducteq 
growth studies, such as that of the Fels| 
Institute (to which one- quarter of the refi 
erences cited refer), this work will servé 
to upgrade studies of human growth from] 


pediatric research to the more central posij 
tion demanded by the theoretical anci 
practical importance of problems of) 
growth. The research activities of the, 
authors themselves and of those stimulated 
by a reading of this book should hasten its| 
own obsolescence and soon make necesy 
sary a greatly expanded second edition. 


GABRIEL WARD LASKER 


Wayne State University 
Detroit, Michigan 
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minders of the social and ideological con; 
text in which it is fought. Essentially the 
story is but one segment of the history of 
the conflict between science and theology: 
indeed a most important segment since its 
end marks the beginning of science’s suc: 
cessful emergence from this conflict. ) 

The remaining chapters might well be 
regarded as a history of physical anthro- 
pology in its early phase. These chapters 
deal with the implications of the largem 
ideological struggle on an understanding of 
man’s place in nature, cultural evolution! 
race, and Darwinism and its critics. Indeed 
the list of subjects covered reads like a 
outline of an introductory course in phys} 
ical anthropology. 

In general, the information presented i 
this book will not be new to most profes; 
sional anthropologists. The book is, how- 
ever, well documented, well organized, and 
thoroughly readable. These attributes 
make it particularly valuable as a refer} 
ence book for interested students. 


Jack KELSO 
University of Colorado 


{(Jarmo, Iraq)! 


Many characteristics of the dentition 
qserve to distinguish individuals or even 
ijpopulations from each other and can be 
@utilized in forensic, anthropologic and 


| Various types of dentitions have existed 
throughout man’s history. Some were 
seemingly essential for survival in various 
environments, others were not. Conse- 
{quently, it is of interest to know the mor- 
fphology and conditions of the teeth in 
#the individuals who were associated with 
withe great steps in man’s advance from 
“ithe primitive to the modern. 

| One of the most significant of these 
progressive moves took place in the tran- 


sition from the nomadic hunting and col- 


fagricultural village life involving the culti- 
jivation of crops and the domestication of 
( This change did not develop 
‘necessarily as the culmination of the ef- 
forts of one precocious group, but probably 
‘resulted from the gradually evolving com- 
prehension and exchange of ideas in the 
environment which offered the proper 
moisture, soil, temperatures and condi- 
| tions suited to such activities (Braidwood, 
58). There were circumstances in some 
geographical areas under which this could 
mot and did not happen. Related to our 
‘present civilizations it was in the lands 
of the fertile crescent of Mesopotamia, in 
Sthe wake of the withdrawal of the last 
iglaciation, that these favorable back- 
}grounds invited man with his increased 
Icapacities to forge ahead in what Childe 
#(52) and others have called the agri- 
jcultural revolution. 


}The Dentition of the First Agriculturists 


ALBERT A. DAHLBERG 


Zoller Memorial Dental Clinic and Department of Anthropology, 
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In 1951 and 1955 Robert Braidwood 
(53, °59) and his associates engaged in 
successful expeditions in Iraq to locate 
some of these earliest villages. The site 
which they exploited is known as Jarmo 
and is located in the Kurdish foothills of 
north-central Iraq. The village dates back 
to 6750 B.C. = 500 years by Carbon 14 
determinations (Braidwood, 58; Braid- 
wood and Howe, ’60). 


MATERIALS 


In addition to the implements, pottery, 
dwelling evidences and other archaeolog- 
ical articles that were found, some of the 
bones and teeth of the Jarmoites them- 
selves were unearthed. Preservation had 
not been the best, therefore specimens 
were fragmentary. In total, parts of 7 
individuals were collected including 96 
permanent teeth and 30 deciduous ones 
with varying amounts of alveolar bone 
still attached to the teeth. 

The bones were very friable and had 
to be cleaned and prepared with the utmost 
care. The teeth had a normal outward 
appearance. However, because they were 
leached without mineral replacement such 
as ordinarily occurs in the fossilization 
process, they were very easily broken, 
such as a piece of chalk under pressure 
(fig. 1). This was an advantage for in- 
specting the interiors of the teeth to study 
pulp chamber size and other details. Sev- 
eral specimens of each type of tooth were 
available. The material was not sufficient 
to permit a definitive statement on the 
teeth, but it does give some intimation of 
the dentition of these people. 

" 1This study was supported in part by the 


National Institute of Dental Research grant 
D-165. 
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Fig. 1 Fractured permanent mandibular right first molar of Jarmoite. The size of the 
pulp chamber is easily seen in this section. 


The excellent straight alignment and General description | 
absence of malpositions in the teeth is of the teeth | 
suggestive of a relative homogeneity of the Whatever induced the Jarmoites te 


group. The dental arches were generally leave the caves for the more exposed areas 
narrow in form with a high palate. of farmlands they must also have hag 
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TABLE 1 


Mesiodistal crown diameters (mm) of permanent maxillary teeth of Jarmoites, Natufians 
and Chicago White Males 


Jarmoites Natufians! Chicago White Males2 

N M N M SEm N M SEm 
L P) 8.8 9 8.92 0.18 104 8.77 0.06 
I, 4 (SayA 8 6.67 0.15 92 6.78 0.06 
(G r) 8.3 10 Weal? 0.13 76 Wage: 0.06 
Pm, 2 TS 13 7.01 0.08 74 6.90 0.06 
Pm», 3 7.8 15 6.85 0.09 ell 6.73 0.06 
M, 5 10.8 14 10.87 0.18 79 10.54 0.06 
M: 5) 10.2 acy 10.52 0.16 Do 10.04 0.01 
Mz 1 8.4 8 9.34 0.26 9 8.87 0.36 


12 From unpublished data of tooth measurements, right side of the dental arches only. 
The Jarmoites and the Natufians are both of mixed sexes. 


TABLE 2 


Mesiodistal crown diameters (mm) of permanent mandibular teeth of Jarmoites, Natufians 
and Chicago White Males 


Jarmoites Natufians! Chicago White Males2 

N M N M SEm N M SEm 

I 3 5.3 10 5.37 0.12 104 5.38 0.04 

I, 3 6.0 13 5.95 0.16 105 5.99 0.05 

(e 4 Uo! 13 7.03 0.11 96 6.88 0.05 

Pm, 3 8.0 16 7.06 0.13 90 6.97 0.06 

Pm: 3 8.3 14 7.18 0.09 70 7.06 0.05 

Mi 6 11.4 16 e152 0.12 80 10.97 0.08 

M2 6 11.0 16 11.05 0.11 53 10.78 0.13 

M3 2 ied 14 10.90 0.12 "e 10.20 0.59 
TABLE 3 

Labiolingual and buccolingual crown diameters (mm) of permanent maxillary teeth of 

Jarmoites, Natufians and Chicago White Males 

Jarmoites Natufians! Chicago White Males? 

N M N M SEm N M SEm 

I, Pe 6.6 8 7.26 0.14 98 Viel 0.06 

I, 4 6.0 8 6.82 O}eal'7é 83 6.32 0.06 

(e 5 8.4 9 8.61 0.17 68 8.44 0.09 

Pm, 2 9.5 13 9.44 0.14 84 9.15 0.07 

Pme 2 9.8 15 9.53 0.13 83 9.38 0.07 

Mi 5 11.4 14 DA) 0.09 90 1132 0.08 

Mp 5 11.4 ial 12.14 0.12 val 11.28 0.14 

M3 1 10.7 8 she 0.24 12 10.85 0.24 
TABLE 4 


Labiolingual and buccolingual crown diameters (mm) of permanent mandibular teeth of 
Jarmoites, Natufians and Chicago White Males 


Jarmoites Natufians! Chicago White Males? 

N M N M SEm N M SEm 
I, oS 5.8 10 6.21 0.16 102 5.94 0.05 
I, 3 6.1 13 6.61 0.12 103 6.25 0.05 
(C 4 TATE i) 7.91 0.12 90 V(eaye) 0.07 
Pm, 8 7.4 16 7.82 (O}yi kal 88 7.64 0.06 
Pm, 3 8.6 14 8.24 0.40 79 8.20 0.10 
Mi 6 10.5 16 10.76 0.07 90 10.58 0.06 
Me 6 10.1 16 10.62 0.08 62 10.50 0.08 
M3 9} 10.8 13 10.40 0.15 12 10.23 0.24 
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capacities and means for protection. Cer- 
tainly this was not forthcoming from their 
dentition which was small to medium in 
size with many elements reduced in prom- 
inence and efficiency. These teeth, seen 
in the limited number available are small 
compared to most fossils and even to most 
of the hominid dentitions of the present 
time. Tables 1 to 4 contain the tooth 
crown measurements of a modern white 


Fig. 2A Front view of facial bones of 
mandible. 
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Jarmoite and occlusal view of the corresponding 
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male population and a middle-east group) 
from Mesolithic Palestine for comparison | 
with those of the Jarmoites. The small | 


number of teeth from Jarmo does not. j 
permit detailed statistical comparison, but | 
it is to be noted that the means in many | 
instances deviate less than three times the | 
standard error from the means of the 
other two groups. 
goloid features. 


The teeth have no Mon- || 
With respect to size and) 


Nh 


“(conservativeness in form they resemble 


the general Mediterranean pattern. The 
newly erupted teeth of the young pre- 
Jsented a wrinkled occlusal surface which 


THE JARMO DENTITION 


247 


the teeth have become functional. Four 
of the 7 individuals available for study 
lived to advanced age as evidenced by the 
extent and character of the wear and the 
condition of their teeth. 

The only prominent feature about the 
face was the pointed chin. This is ap- 
parent from parts of the 4 mandibles that 


Fig. 2B Lateral view of mandible and occlusal view of maxilla of Jarmoite, 
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were preserved. The jaws were not prog- 
nathic. The angles of the jaws were acute. 
J. L. Angel (57), in describing one of the 
specimens states that, “the face is there- 
fore relatively narrow though not really 
high (figs. 2A and 2B). The chewing plane 
may have been more sloping than usual as 
in Iranian skulls and the nonflaring jaw 


Fig. 3 Antero-lateral view of jaws and radiograph of the Jarmo juvenile SJ2. 
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angles were probably not obtuse. The an 
eral impression is a face showing Iranian 
as well as Mediterranean traits, with 
possible similarity to the Lower Egyptian} 
Dineroid type of Mediterranean as in the 
ninth dynasty sediment series of Woo anq| 
Morant.” | 


| In most instances ancestral morphologic 
joattern was well expressed in the stable 
jeeeth (maxillary central incisor, canine, 
#irst premolar, and first molar), but it 
|was severely modified in the others which 
‘are traditionally variable. (Dahlberg, ’49). 
A brief description of the natural tooth 


Incisors 


| Four sets of paired maxillary central 
(incisors present approximately similar pat- 


capering to ovoid form of crown (fig. 3A). 
jAlthough lateral marginal ridges are pres- 
jent on the lingual surfaces, these are 
jnot pronounced and therefore are not to 
be classified as shovel-shaped (fig. 4A). 
The finger-like projections reaching in- 
feisally from the basal tubercle or cingu- 
tum conform to the type that Weidenreich 
idescribed in Sinanthropus. These projec- 
ions are not prominent and the fossa 
} onsequently has more of a flat to convex 
appearance. This distinguishes them from 
the shovel-shaped incisors which show a 
decided concavity on the lingual of the 
itooth. It is important to add that our 
jattention here is focussed on the more 
wariable regions of incisor teeth. All teeth 
ave particular areas that show greater 
ivariation than do other parts. These vari- 
lable secondary features, such as the finger- 
like projections in the incisors, are seem- 
Hingly not under the same developmental 
fand morphological restraints as are the 
primary architectural units. They give the 
jimpression of “left overs” so to speak, 
which take the form of convenience rather 


11 


! 


Jareas reveals that they most frequently 
do not have bilateral symmetry of form. 
‘It should be stated also that it is not im- 
Hpossible to have bilateral concordance of 
Idetailed form in these areas, but generally 
ycomplete symmetry is rarely seen. 
) The roots are short compared to the 
eight of the crowns. The lateral incisors, 
notoriously variable in most populations 
Jare reasonably conservative in form in all 
ibut one of these individuals, namely the 
maxillary left lateral incisor of the juve- 
Inile (SJ2, fig. 3). This tooth is stunted 
and appears somewhat like the maxillary 
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left later incisor on the model k of the 
P2 plaque of the Dental Anthropology 
series of the Zoller Laboratory. The other 
incisors show similar lateral marginal 
ridges and projections as do the central 
incisors. 

The mandibular incisors are of conven- 
tional form and moderate in size with 
little difference between the central and 
lateral incisors. These teeth generally 
show little variation in morphology except 
in size and proportion. 


Canines 


Both maxillary and mandibular canines 
are pointed and narrow with relatively 
little bell shape (fig. 4B). The lingual 
surfaces of the upper ones show a small 
cingular eminence and here again the lat- 
eral marginal ridges are definitely notice- 
able but not with very much prominence. 
No other special morphological character- 
istics are present. 

The mandibular canine shows no special 
characteristics. It is flat on the lingual sur- 
face with only a suggestion of lateral mar- 
ginal ridging. 


Premolars 


The maxillary premolars have rather 
pointed buccal cusps and moderate wrin- 
kling of the occlusal surfaces. The mesial 
and distal developmental pits are closer 
together in the second premolars than in 
the first, thereby leaving only a very short 
central developmental groove. The first 
premolars have a long central groove with 
the pits well over to the mesial and distal 
margins, respectively (fig. 4C and 4D). 
The lower premolars have complex occlu- 
sal surfaces, divided into a mesial anterior 
and a distal portion. The lower second pre- 
molars are larger, but have less of the 
oblique shape than the first premolar. 
None was anomalous or grossly variant in 
size, although the maxillary second pre- 
molars are somewhat smaller than the 
first. 

Maxillary molars 


All the permanent maxillary first molars 
have a rhomboidal shaped occlusal sur- 
face with 4 well-developed cusps. Occlu- 
sal surface wrinkling is evident. Small 
Carabelli’s cusps (model d, plaque P12) 
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Fig. 4 A, lingual view of permanent maxillary central incisor crowns. B, labial view of 
permanent maxillary canines. C, occlusal view of maxillary right first premolar. D, occlusal 
view of maxillary right second premolar, 


jive present on the first molars (fig. 5A). 
owever, only pits are found at this site 
m the maxillary second molars (fig. 5B). 
Jn all the second molars there is a marked 
eduction in the hypocone (distolingual 
eusp) with complete absence in some in- 
iitances. The hypocone is one of the most 
variable structures in the human dentition 


f£ maxillary molar teeth. Consequently, 
he fact that this cusp is so definitely modi- 
ied in its expression in all the available 
warmo specimens is of importance. The 
Jnetacone (distobuccal cusp) is not re- 
pluced in size whatsoever. This observa- 
jion is in contradistinction to the form 
een in most eastern Mediterranean denti- 


{ 
ions. 


i 
i 


Mandibular molars 


| The mandibular molars are similar to 
those of modern European and Mediter- 
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Fig. 5 A, occlusal and mesiolingual view of permanent maxillary right first molar. B, 
same views of the permanent maxillary right second molar. 


ranean peoples in their occlusal surface 
morphology. The dryopithecoid Y5 pattern 
of grooves and cusps is present in the first 
molars and the +4 pattern is found on 
the second molars (fig. 6). The third mo- 
lars available show a 5 cusped tooth with 
an indication of the typical size and loca- 
tion of cusps producing a+ pattern of 
grooves. There is no indication of any 
cingular buccal cusps. 

One feature of both maxillary and man- 
dibular molars is the larger size of pulp 
chamber than is generally found in con- 
temporary populations (figs. 1, 3 and 7). 
In a few instances their character ap- 
proaches what may be termed a mild 
taurodontism. The individuals in Matar- 
rah, a later neighboring group of the Jar- 
moites, have an even greater display of this 
trait. 
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Fig. 6 A, occlusal and buccal views of permanent mandibular left second molar. B, same 
views of permanent mandibular left first molar. 


Deciduous dentition 


The deciduous teeth of this group of 
individuals are of moderate size (tables 5 
and 6) and of the conventional Mediter- 
ranean-European type (fig. 8). The in- 
cisors, particularly, have a bluish cast to 
the enamel. The long roots of the upper 
incisors bend labially from the apex to a 
point midway on the root. No _ shovel- 
shaping form is present. The surfaces are 
generally smooth and rounded. Carabelli’s 
cusp and pit are of a size and form cor- 
responding to those of the permanent 
teeth. The molar roots diverge with nar- 
row necks at the gingival areas. 
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Nongenetic features 


The nature of the abrasion of the teeth 
in the older individuals does not suggess 
the presence of gross, coarse particles it! 
their food. They show, rather, an eve#! 
milling of the teeth, probably from fini 
abrasive matter such as silt. No marginad 
enamel fractures are noted in any of tha 
teeth. A high polish existed on some of tha 
molars. All the teeth of the older indivick 
uals are worn flat with exposure of dentiz 
apparent on all the occlusal surfaces. Ex 
cessive wear is noted, as is to be expected 
on the buccal cusps of the lower first met 
lars. These later teeth carry the majod 


joad in all populations during the transi- 
fional period of change from deciduous to 
‘bermanent dentition. No exceptional areas 
bf wear are noted that might indicate in- 
#lustries or special uses of the teeth. 
| Dental caries are found in two of the 
fndividuals. One has a cavity in the oc- 
clusal surface of a lower deciduous second 
molar. The other has two interproximal 
Pavities of moderate size and a third one 
with considerable involvement and a re- 
sulting alveolar abscess. 

No evidence of pyorrhea or excessive 
Walcular deposits are found in the individ- 


hals. 


DISCUSSION 


f Most of the pertinent features referred 
ho in these limited dental evidences of the 
Marmo inhabitants are seen to be secondary 
Scharacteristics, that is, modifications or 
buppressions of the primary genetic archi- 
fecture. These phenomena occur in a very 
prderly fashion in an established sequence 
Gwithin each tooth group and are a sort of 
measure of penetrance and expressivity. 
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Fig. 7 Radiographs of Jarmo molars showing a mild degree of taurodontism. 


mon primary characters is not strong or 
complete. This suggests the presence of 
factors which in one way or another im- 
pose a negative quantity in a positive man- 
ner. These reduced sizes, absences and 
modifications have been generally attrib- 
uted to genetic origins and very likely are. 
Certain Arab groups are known to have a 
marked and most unexpected reduction in 
the size of the metacone of the maxillary 
second molars as well as distinctive inter- 
tooth-group size proportions. These fea- 
tures are not found in the Jarmo teeth. 
Rather, the Jarmo dentition resembles 
more the Indo-European type. It also holds 
a close resemblance to that of the Anato- 
lians -(Senyurek, ’52). The teeth are 
smaller than those of most modern denti- 
tions. Specializations and drift in small 
populations are of increasing interest. 
More material from Jarmo is necessary, of 
course, in order to give real substance to 
these analyses. The 7 specimens from 
Jarmo show a consistent trend towards re- 
duced form and size of the dentition. 
There are also certain characteristics 
which give a basis for comparison with 
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C, lingual view of the same Jarmo specimen. 


other populations of this historic era when 
man first embarked upon the food produc- 
ion phase of his existence. 


iH 


SUMMARY 


Genetic and nongenetic dental features 
of the early agriculturists of Jarmo, Iraq 
%(6750 + 500 B.c.) have many similarities 
‘to those of the modern Mediterranean and 
iEuropean peoples. They resemble the Iran- 
lian and Indo-European more than the 


i 
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Fig. 8 A, occlusal view of the deciduous mandibular right first and second molars and 
permanent first molar. B, buccal view of deciduous molars and permanent right first molars. 


teeth from 7 individuals were available 
for the study. 

There is no irregularity in tooth align- 
ment nor any prognathism. Mild tauro- 
dontism is present in some molars. Small 
modified Carabelli’s cusps are present in 
two of the individuals, making a distinc- 
tion from the earlier Natufians in whom 
this cusp is well-developed. No protostylids 
are present. Hypocones on second and 
third upper molars are markedly reduced. 
Shovel-shaped incisor form is absent. Un- 
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worn teeth have crenated surfaces. Ex- 
treme abrasion of the occlusal and proxi- 
mal surfaces indicate heavy function, but 
with only mild abrasive assistance. No 
marginal fractures are present that would 
suggest gross coarse substances in the 
diet. 
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‘in open question whether bodily measure- 
ments, which have a genetic component, of 


reeding populations in which this is dem- 
}nstrated to occur. On the contrary, Kauf- 
imann, Hagler and Lang (’59) studied 8 
jnthropometric dimension in adult Ger- 
inan-speaking Walsers and Romansh 
peakers in the valleys of Grisons, Switzer- 
and. Each linguistic group was divided 
nto two subseries: (1) those both of whose 
parents were indigenous to the locale, and 
2) those only one of whose parents was 
| native. Neither males nor females of 
ither group showed a tendency to greater 
ftandard deviations in the offspring of 
jnmigrants (subseries 2) than in those of 
jlatives (subseries 1). 

Hulse (’58) also has published data for 
ftandard deviations of adult male off- 
ipring of village-endogamous and village- 
{xogamous matings among Swiss of Can- 
lon Ticino in respect to 12 linear bodily 
easurements. His data is given separately 
ior those he measured in Switzerland, for 
fhigrants measured in California and for 
;merican-born offspring of migrants. From 
is published data I have calculated that of 
he 36 comparisons possible, 6 show sig- 
ificantly greater variance in the exoga- 
Jnous than in the endogamous groups (at 
the 5% level of probability by the F-test); 
vo comparisons show the reverse trend. 
Whe interpretation of Hulse’s material is 
daade difficult by the fact that all of the 
ases where the exogamous group are 
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ariances of Bodily Measurements in the Offspring 
f Natives of and Immigrants to 
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more variable occur among either migrants 
(4 cases) or California-born (two cases) 
rather than in the more numerous samples 
measured in Switzerland (among whom 
the only significant difference is toward 
greater variability in the endogamous 
group). Furthermore, among migrants the 
body weight is also more variable in the 
offspring of exogamous unions and the 
other significant differences may be par- 
tially dependent on this. 

In the present paper I have examined 
the population of three North Peruvian 
towns in a similar way. The three com- 
munities are Monseft, a rural town; San 
José, a fishing village; and Mochumi, an- 
other agricultural center. In none of them 
was there evidence of close inbreeding, but 
local endogamy is usual in all three. The 
effective admixture rate is 13% , 25%, and 
29% for the three towns, respectively. 
These rates are slightly lower than the 
crude counts of immigrants: they were 
determined merely by asking residents 
where their parents were born and then 
calculating the proportion of the total num- 
ber of answers which list other places. 
Such rates refer to the previous generation 
of immigrants and weight the immigration 
rate in respect to the number of offspring 
who remain in the community. 

I lack a reliable count of the total and 
adult populations. Furthermore, the vari- 
ability in family size can only be estimated 
on the basis of analagous situations else- 
where. Nevertheless, I have attempted to 
estimate the degree of breeding isolation 
(Lasker, 59). The coefficient of breeding 
isolation (that is, the product of the size of 
the effective breeding population by the ad- 
mixture rate) is approximately 377, 107 
and 102 for Monsefi, San José, and 
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Mochumi, respectively. These values are 
higher and indicate less isolation than is 
found in many primitive communities 
(Lasker, 54); they are lower and indicate 
more isolation than is to be found in most 
rural towns of Europe, the United States, 
or China. The three towns are as isolated 
as any in the coastal area of the state (de- 
partamento) of Lambayeque, Peru, and are 
probably more or less typical Latin-Ameri- 
can peasant communities. 

We measured and interviewed 147, 109, 
and 53 adult females and 104, 95, and 36 
adult males in Monseft, San José, and 
Mochumi, respectively. The present anal- 
ysis deals with variability in 16 anthropo- 
metric dimensions in the females and 18 
in the males. I first divided the series of 
each sex from each town into three sub- 
series: (1) those whose parents were both 
born in the town where the subject was 
measured, (2) those of whom only one 
parent was born there, and (3) those 
whose parents were both born elsewhere. 
For the puproses of this presentation, how- 
ever, I have in each case lumped the sub- 
group with one parent born elsewhere to- 
gether with the subgroup with both parents 
born elsewhere (2 + 3).? 

Although a description of the physical 
types found in the three communities will 
be left for another occasion, an impression- 
istic sketch of the people may help in the 
evaluation of the material now under dis- 
cussion. 

Monseft is a center of a farming region 
with small holdings and diversified crops. 
There is not enough land to support the 
population, but there is a good deal of 
craft work and small industry (chiefly 
weaving, plaiting straw hats and making 
chicha beer on the part of women) and 
many men hire out as day laborers on 
haciendas. Certain surnames, some of 
Indian, some of Spanish derivation, are 
recognized as belonging to families of 
the town and there is a well-marked and 
generally diffused Indian element in the 
racial make-up of virtually all the inhabit- 
ants. Moderately dark complexion, big 
faces and straight black hair are usual. 

San José, the fishing village, is even 
more dominantly Indian in the appearance 
of its people. They are generally short but 
have large chests. The head and face are 
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wide and the face is long with a long com 
vex nose in most individuals. Although th 
way of life has little similarity with tha 
of Peruvian Indians of the Sierra, the phys 
ical appearance is practically the sam¢« 
it does not suggest a high proportion 
European admixture and the prevailin) 
type seems rather constant. There are rel 
tively few surnames: about one-fourth q 
the population bears one of them. | 

Mochumi is a more typical farming com) 
munity. Its people are far more Mestiz 
or European in appearance than those q 
the other two places. Many of the inhabiij 
ants are tall and light. The faces and headi 
are narrow on the average. But one alsi 
see much variation in physical type witi 
individuals in whom Indian or eve 
Negroid rather than European characte} 
istics seem to predominate. | 

Altogether 102 comparisons are madi 
between the variance of linear diamete) 
of (1) adult residents both of whose pail 
ents were born in the town and (2 + 3 
adult residents one or both of whose pail 
ents were born elsewhere. Of all 102 com 
parisons 70 (69% ) tend to show a greate 
variability in meaurements of the offsprim 
of immigrants (2 + 3) than in those ¢ 
two natives (1), and 13 (13%) 


tion at the 5% level of probability.” O 
two of these significant differences pertai 
to Mochumi, probably because the sma 
numbers measured require that a diffe: 
ence in this respect would have to be cor: 
siderable in order to give statistical signif 
cance, but one should also note that 
variances of measurements of offspring c 
persons born at Mochumi are already high 
hence even if immigrants to Mochumi ar 
as variable as those to the other towns, th 
variance ratios, F, for the difference be 


| 
} 


‘ 1This decision is prompted in part by a pr 
liminary analysis which shows that the sui 


parents were born elsewhere are intermediate br 
tween the other two subgroups in respect to ] 
mean or variance of several measurements. 

2In addition, two comparisons (both involvix 
nose width) show offspring of natives to be mool 
variable than other residents. No ready explam: 
tion offers itself for this and it seems reasonab: 
merely to test the hypothesis that measuremen} 
of groups (2+ 3), composed of those with pa 
ents from elsewhere, are more variable than thes 
of groups 1, and not to test the reverse. 
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tween 1 and (2 + 3) at Mochumi would be 
low. 

Of the 6 instances at Monseft and 5 at 
San José in which the offspring of natives 
are significantly less variable than other 
residents, 4 of each are in males. Only 
one reason suggests itself as a partial ex- 
planation for a sex difference in this re- 
gard. Since some of the persons with one 
or both parents born elsewhere are first- 
generation migrants to the town, and since 
males are generally mobile over greater 
distances than females, it is possible that 
males both of whose parents were born 
elsewhere are more variable than the com- 
parable females because those of the males 
who are first-generation migrants come 
from a wider variety of places. As a matter 
of fact, however, when one separates in- 
dividuals with one parent born elsewhere 
(2) from those with both parents born 
elsewhere (3), the instances in which the 
latter are significantly more variable than 
the former occur primarily in females. 
This occurs in all 4 significant differences 
for Monseft, 4 of 6 for San José, and 
there is no such case for Mochumi. 

In respect to the specific measurements 
which show significant F-scores between 
subseries 1 and subseries 2 + 3, all also 
show significant F-scores between sub- 
series 1 and subseries 2 or between sub- 
series 1 and subseries 3 separately. Among 
the males, 5 of the 9 significant F-scores of 
this kind depend primarily on the signifi- 
cantly high variability in offspring of two 
non-natives of the community (subseries 
3) relative to the offspring of natives (sub- 
series 1) and the other 4 depend primarily 
on a significantly greater variability in sub- 
series 2 than in subseries 1. Among the 4 
significant F-scores between subseries 1 
and 2 + 3 in females, there is also a sig- 
nificant difference between subseries 1 and 
2 in all cases and also a significant differ- 
ence between subseries 1 and 3 in one 
instance. 

In comparisons of offspring of two 
native-born persons (1) with all other resi- 
dents (2 + 3), the significant F-scores are 
not limited to one measurement nor a sin- 
gle kind of measurement, but occur in the 
extremities, trunk, head and face. Al- 
though there are also a number of signifi- 
cant differences in the means between 
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these series, only one of the 15 such which) 
are significant at the 5% level of probabil-| 
ity by the t test also shows a significant 
difference in variance; that is, the tend: 
ency of migration to increase the variation 
is manifest in different dimensions from 


type. 
Our data demonstrate that in moder-| 
ately isolated communities — especially 


tion (in this case Indian) seems more 
dominant than in other communities of 
the region—one effect of immigration 
may be an increase in variability of physi) 
cal traits as reflected in variances of ani 
thropometric measurements. Since race 
mixture itself does not necessarily always} 
lead to increased variability of the popula: 
tion, and since there are cases on recorq| 
where the offspring of one immigrant par4 
ent are not more variable than those of 
two natives of the community, it may be 
useful to have on record these examples of 
the process by which variability in certain) 
aspects of physique increase through 
exogamy in three communities the breed! 
ing structure of the populations of which 
is known. 


SUMMARY 


In residents of three North Peruvian 
communities, variances of some bodily 
measurements are shown to be higher i z 
adult offspring of one or two immigran 
parents than in adult offspring of natives: 
In three moderately isolated communities 
with effective immigration rates of 13 te 
29% per generation, there are 13 of 10% 
comparisons in which the variance ratio: 
F, shows a Statistically significant greater 
variability (at the 5% level) in person 
with one or both parents born cleewhelll 
than in persons of the same sex both 04 
whose parents were native to the commu! 
nity. These significant differences occu 
in measurements of all regions of the body 
(trunk, limbs, head and face) and in botH 
sexes (9 in males, 4 in females); only one 
of them occurs in one of the 15 comparil 
sons where there is also a significant diff 
ference in the means. In this study o 
effect of migration into the communities is 
increase in variability of bodily measure: 


ments of the adult population in the suc- 
ceeding generation. 
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[Torus Mandibularis' 


Matsumoto, Japan 


Torus palatinus is a spindle-shaped bony 
levation along the midline of the vault of 
he palate. Torus mandibularis is a bony 
levation on the lingual surface of the man- 
‘ible, with its center approximately at the 
npex of root of the mandibular second pre- 
nolar. Both exostoses usually appear in 
he form of a swelling or a series of swell- 
gs. Concerning torus palatinus and torus 
fmandibularis, many different anthropo- 
logical studies of various populations have 
been reported since the former was named 
jn 1880 by Kupffer and the latter in 1908 
oy Furst. According to the findings, these 
ori occur, generally speaking, with a 
higher frequency among populations living 
n the northern hemisphere such as the 
inu, Eskimo, Icelanders, or Lapps, than 
hmong populations in the southern regions. 
Prennan, however, reported in 1937 that 
the two tori are seen at a rate of more than 
40% in the Bushmen’s palate and mandi- 
le. 

In relation to age, torus palatinus and 
‘mandibularis are reported to be scarcely 
‘present in the jaw of individuals younger 
than 20 years, but recent anthroposcopic 
‘pbservations proved that both these exos- 
joses, though not fully developed, can be 
ilefinitely recognized already in infancy. 
Woo (750) observed that “torus palatinus 
‘nay be present prenatally and gradually 
increase in size from birth to maturity. 
(\pproximately 20 years of age it ceases to 
frow, in accord with other bony structures, 
find does not increase in age.” Moorrees 
: 52, 57) also reported that “torus mandib- 
jilaris can be present in the young, at 
feast in an Aleut population. It is, how- 
}ver, quite likely that the final degree of 
‘jlevelopment of torus is not expressed until 
he adult age is reached.” 

With regard to sex differences in their 
Irequencies, Woo (’50) and Miller and 
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Roth (740) as well as others reported that 
torus palatinus is observed more frequently 
in the female, while Hrdlicka (’40) ar- 
rived at an opposite conclusion. The fre- 
quency of torus mandibularis in males 
seems higher among many populations 
than that in females, but Akabori reported 
reversely in 1939. Thus, the validity of 
these sex differences has not yet been 
established completely. 

The etiology of these exostoses has been 
a source of various arguments and no 
definite conclusion has been attained so 
far. Kajava (712), Hooton (718), and Hrd- 
li¢ka (’40) support the functional hypoth- 
esis arguing that both tori are closely 
connected with the chewing function and 
must have been caused by the hyperfunc- 
tional stress on the jaws because they are 
scarcely seen in children, increase in size 
with age, and have a close relationship 
with attrition. On the other hand, Schrei- 
ner (’35), objected to this functional hy- 
pothesis, stating that: although torus pa- 
latinus is generally observed in jaws with 
markedly worn teeth, these tori are also 
recognized in skulls where there is no wear 
of the teeth whatsoever, while torus pala- 
tinus exists in the hard palates of new-born 
babies which have not been subjected to 
mechanic stimuli. Schreiner concluded 
that the tori are localized bone growths due 
to abnormal sensitivity of the bone condi- 
tioned by “deficient diet or avitaminosis.” 
Van den Broek (’43, ’45) also reported that 
these tori are localized development of bone 
caused by “the chemical irritation of the 
mucous membrane.” 


1 This report consists mainly of material pre- 
sented at the 11th Joint Meeting of the Anthro- 
pological Society of Nippon and the Japanese 
Society of Ethnology held at Nara in October, 
1956. 

This study was supported by the Scientific Re- 
search Fund of the Educational Ministry of Japan. 
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On the other hand, Carabelli (1842), 
Godlee (’09), Korner (710), Dorrance (29), 
Greifenstein and Dieminger (’38), Lasker 
(’47), and Moorrees et al. (52), attached 
greater importance to inheritance rather 
than to environment. The last mentioned 
author stated that these tori are inheritable 
traits on the basis of their familial inci- 
dence and the result of a genetic study. 

Thus, as to the cause of these exostoses, 
some investigators adhere to a functional 
hypothesis, others stress the importance of 
biological effects, or of genes. In spite of 
the many different hypotheses, all reports 
agree on one point, namely, that these tori 
are not a disease but a physiological 
phenomenon. 

Since 1953 the authors have been in a 
position to collect data on the Japanese in 
several parts of Nagano Prefecture which 
afford an opportunity to determine the 
frequency of torus palatinus and torus 
mandibularis in families in order to test 
their genetic origin. 


MATERIALS AND METHODS 


The data of this study are the result of 
studies conducted in Matsumoto-city, Ono- 
village, and Tatsuno-town, of Nagano Pre- 
fecture from June 1953 to September 1957. 
The existence of torus palatinus and torus 
mandibularis was ascertained by palpation 
and visual inspection. 

As Woo (750) mentioned, it is not al- 
ways easy to discern the border of torus 
palatinus when its development is very 
slight because of the masking by soft tis- 
sues. However, generally speaking, the 
hard palate and the lingual surface of the 
mandible are flat and therefore the authors 
were able to recognize fairly accurately the 
boundaries of the tori as they became 
trained in examining these structures. 

The degree of their development was 
classified in three categories as follows: 

Trace—not discernible by sight but 
clearly recognized by palpation; slight— 
discernible by sight; marked—particularly 
remarkable. 

In the case of asymmetric development 
of torus mandibularis, the classification 
was based on the side exhibiting the 
greater degree of torus development. 
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RESULTS AND DISCUSSION 
| 


In total, approximately 150 familig 
were studied. The number of children an] 
mean ages of parents and offspring ary 
presented in table 1 for 62 families q 
which the parents and all siblings olde 
than 4 years of age could be examined 
Before undertaking the genetic analysi 
the authors tested whether the palati 
and mandibular torus are significantly cor} 
current in individuals, as is shown in tabl 
2. According to a chisquare of 25.36 thy 
correlation of the two features is statis 
tically significant. The relation betwee; 
the presence of torus mandibularis anj 
torus palatinus in parents and their chi 
dren are shown in tables 3 and 4. 

When both parents have a torus paid 
tinus, the frequency of its occurrence ijj 
their children is 63.9%. In families when 
either the father or the mother have thij 
torus, the frequency in their children 7 
52.3% . Moreover, in families where tor1j 
palatinus is absent in both parents, thy 
frequency of its occurrence in the childra) 
is only 7.9%. 

When both parents have a torus mand 
bularis, the frequency of its occurrence ii 
their children is 58.6%. In families when 
either the father or the mother have thi 
torus, the frequency in their children j 
40.0%. In families where torus mandiby 
laris is absent in both parents, the fre 
quency in the children is only 4.9% 
(table 3). 

In addition to examining the associatio: 
of the presence of tori in parents and the: 
children, it was determined also whethe 
the degree of their development was re 
lated, as shown in table 4. The numbers ii 
brackets in the column of the combination 
of parents denote “weighted” values fe 
the tori of the parents. Following Brae 


TABLE 1 
Number, sex and age of individuals studied! 


N b f A | 
Sex individuals “age | 
ear 
Parents aoe 
Male 62 41.0 
Female 62 38.3 
Children 
Male 97 12.1 
Female 88 TES 
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TABLE 2 
The correlation between the torus palatinus and mandibularis 
QUEM cy 
= 
A | a Torus palatinus 
. = 
fl 5 Absent Slight Medium Marked 
|, ss] 
Ya Absent 50 12 6 6 
ras Slight 5 10 0 2 
Mh a E 
th 3 Medium G 5 3 3 
(| a4 Marked 6 2 3 4 
ay 
tH 
ig TABLE 3 
tte The relation of torus palatinus and torus mandibularis in parents and children 
dll 
A Children 
Number of Numb £ 
Parents? families indi viduale Torus Frequency of 
ld Present Absent habggetitee gs 
| % 
r Torus palatinus ; 
j mxe 11 36 23 13 63.9 
i Hxo 12 32 17 15 53.1 
ip [|x @ 18 54 28 26 51.9 
! mee} Pail 63 5 58 7.9 
i Torus mandibularis 
¥ pe) fe) 29 ilies 12 58.6 
xo 20 oD 21 34 38.2 
ith cx ® 11 40 17 23 42.5 
Oxo 22 61 3 58 4.9 


tp 1 Solid symbols denote presence of a torus and open symbols, its absence. Square symbols 


i are used for males and round symbols for females, as is customary. 


M TABLE 4 
The relation of torus palatinus and torus mandibularis in parents and children 


Degree of Children Crna 
i) torus Number of Frequency of *\y51%, e) 
; dev elopment families Total Marked Slight Trace Absent O°CUrrence of torus 
Bose ars development 
is 
4 % 
; Torus palatinus 
arked-marked and 
i marked-trace (66.7) 3 vd 2 2 3 0) 100.0 46.4 
WSlight-trace (37.5) 4 15 0 5 4 6 60.0 23.4 
jTrace-trace (25.0) 4 14 0) 1 6 7 50.0 14.3 
“Marked-absent (37.5) 7 22 4 3 7 8 63.6 25.0 
WSlight-absent (25.0) 6 17 (0) 0 8 9 47.1 11.8 
'race-absent (12.5) 17, 47 2 1 20 24 48.9 14.9 

/fAbsent-absent (0) PAM 63 (0) Ai 3 58 7.9 2.8 
| Torus mandibularis 
(/Marked-marked, marked- 
' slight and marked- 
i} trace (57.5) 5 16 1 2 6 Tf 52.2 20.3 
\Trace-trace (25.5) 4 13 0 2 6 5 61.5 19.2 
(Marked-absent (37.5) 7 20 0 3 7 10 50.0 16.3 
/Slight-absent (25.0) 13 37 (0) 5 of Outs 32.4 115 
| Trace-absent (12.5) 11 38 2 il 13 22 42.1 15.1 

Absent-absent (0.0) 22, 61 0 1 2 58 4.9 1.6 


| 1 Figures in parentheses show the “weighted” value for torus development in parents. 
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the slight degree of development is counted 
as 25, medium as 50, and the marked de- 
gree as 75; the “weighted” value reported 
is the average of the total number of cases 
in each category. 

According to table 4, it may be con- 
cluded that the more marked the develop- 
ment of torus palatinus is in the parents, 
the higher is its frequency of occurrence 
and development in their children. A com- 
parison of the “weighted” values of the 
parents to that of their children shows, 
however, that the degree of development 
in the children is less marked than that in 
the parents. It is assumed that age differ- 
ences explain this lack of complete con- 
cordance of the degree of torus develop- 
ment in parents and their offspring. There- 
fore, if families whose members are all 
older than approximately 20 years of age 
are examined, the rate of occurrence may 
be higher and the degree of development 
more marked in the siblings. Unfortu- 
nately it is by no means easy to obtain 
such material. The same conclusions were 
made with respect to torus mandibularis. 

Summarizing, it may be stated that the 
two tori in parents and in their children 
appear to have a close correlation in the 
frequency of their occurrence and develop- 
ment but since the number of subjects 
studied is not sufficiently large and the 
children young in age, the authors do not 
want to consider their findings as a definite 
conclusion. 

In table 5 the relation of tori in the 
children and their parents is shown. When 
the children have a torus palatinus, 20% 


TABLE 5 
The relation of torus palatinus and torus mandibularis in children and their parents 
} 
Parents! | 
Children pe ee i 
individuals = e@ gxe Total 
Torus palatinus | 
With torus palatinus 70 18 28 14 60 
(25.7) (40.0) 20.0 85.7 | 
Without torus palatinus 21 2 3 ‘ : ‘ 5 ; | 
(9.5) (14.3) (23.8) | 
Torus mandibularis 
With torus mandibularis Be 22 18 als 51 yi 
(38.6) (31.6 19.3 89.5 | 
Without torus mandibularis 26 5 : : 2 : : 7 ; | 
(19.2) (Qyary) (26.9) 


Er te eine Ser fer ph a er a i ir eee fs. SG ee eee 
1 Solid symbols denote presence of a torus and open symbols, its absence. Square symbols 
are used for males and round symbols for females, as is customary. Figures in parentheses 


refer to the percentage frequencies. 
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of both their parents also have torus pali 
tinus; while 65.7% of one parent has th: 
torus. In other words, if the children haw 
a torus palatinus, 85.7% of one or both 
their parents show the presence of thi 
exostosis. When the torus is absent in th 
children, it occurs only in 23.8% of on| 
parent. ! 

When torus mandibularis occurs in thy 
children, 19.3% of both their parents al 
have torus mandibularis; while 70.2% « 
one parent shows its presence. Thus, {ff 
the children have a torus mandibularis 
89.5% of one or both of their parents al 
show its presence. In the case of an ak 
sence of torus mandibularis in the chi 
dren, it occurs only in 26.9% of one q 
both of their parents (table 5). | 

Analyses of the pedigree charts (figs 
1-7) concerning these tori add importan 
additional information on the genesis 
the exostoses. Family no. 1 shows a lov 
frequency of their occurrence, and fami 
no. 3 shows a high incidence. Accordin 
to these data the majority of the childre? 
whose parents have either or both of th 
tori, have these exostoses also. If the pai 
ents have markedly developed tori, thei 
children have a high frequency of thei 
occurrence. Moreover, their developmer 
can be classified as marked and they ap 
parently occur even at young ages. ] 
can be concluded that torus palatinus an 
torus mandibularis are inheritable traits— 
presumably explained by a Mendeli 
dominant gene—though this assumptio3 
may not exactly reveal the true mode of in 
heritance. The disagreement, if any, be 


ad 


od 


9 


een assumption and actual fact is due to 
ye age differences of the subjects exam- 
ed and to our unsatisfactory method of 
\kamining the living. 

Lasker’s studies of torus palatinus and 
s mandibularis in 5 families show 
futosomal dominant inheritance” as well 
) “sex-linked dominant inheritance” for 
rus palatinus and also “a high penetrance 
cause of the tendency toward bilateral 
ymmetry in individuals” for torus mandib- 


andibularis, but that the coefficient of 
rrelation among siblings is very high, be- 
ig + 0.72. He also reported that “at least 
}ree independent loci affecting torus de- 
tlopment must be assumed.” 


SUMMARY 


s palatinus and torus mandibularis of 
2 families living in the Nagano Prefec- 
tire, the following results were obtained: 
41. The concurrence of the palatine and 


Wuatinus or torus mandibularis, the rate 
‘7 occurrence of these tori in their children 
higher than when a torus is found in 


| 3. The tori in parents seem to correlate 
josely with those of their children with 
gard to the degree of their development. 
| 4. When the children have torus pala- 
nus or torus mandibularis, 85.7 or 89.7% 
| either or both of their parents likewise 
ave these tori. 
'5. Torus palatinus and torus mandibu- 
is are presumably considered as of the 
bminant inheritance. 
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“When attention is concentrated on 
‘oints, rather than on anatomy, the points 
aay come to be regarded as independent 
hings.” (Washburn, ’42, p. 8). Washburn 
3 discussing the problem of convincing 
faose who use osteological measurements 
or inter-species comparisons that, before 
jaeasurements are interpreted, the anat- 
y of associated soft parts should be 
inderstood. It is obvious from a perusal 
anatomical textbooks that the skeleton 
the reference for the decription of soft 
atomy. The muscular system is de- 
Icribed in terms of the skeleton, but the 
‘keleton, according to Washburn, is to be 
‘nderstood in terms of the soft anatomy. 
.t times this situation becomes overt: “As 
ar as osteological relations are concerned 
jnese two spines (spina iliaca anterior et 
josterior superior) are homologous through- 
t the (primate) series; the posterior al- 
ays marking the turning point between 
ne margo ischiadicus and the iliac crest; 
fae anterior, the turning point between the 
fhargo acetabuli® and the iliac crest. In 
espect to their relations to muscles, how- 
jver, the spines are not homologous.” 
Waterman, 28-29, p. 612. Italics ours.) 
thus this author is willing to accept the 
omology of bony points but not the homol- 
sy of muscular attachments. 

|) The question arises: what should an in- 
jlestigator rely upon as his basis for com- 
larison? Should he use named bony points 
r attachment of soft parts? This question 
3 basic in any comparison and is particu- 
ihrly so for historical interpretations. Our 
‘nderstanding of homologies must come 
om comparative anatomy which is non- 
Historical in content. Once established, 
these homologies can then be used for the 
{nterpretation of the historical data of pale- 
Intology. When this procedure is followed 
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‘he Concept of Homology Applied to the 
Anterior Superior Iliac Spine' 
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assiduously, the potential errors outlined 
by Simpson (751) can be avoided. 

As the situation now stands in primatol- 
ogy we have little basis for establishing 
clear cut homologies which can be used in 
historical thinking. With the recent in- 
crease in the number of primate fossil 
forms, the basic problem can only become 
more critical unless this confusion can be 
resolved. 

It is the specific purpose of this paper to 
investigate the problem of homology as it 
relates to one named bony point: the spina 
iliaca anterior superior. 

The confusion with respect to the spina 
iliaca anterior superior in comparative 
primate anatomy is easily illustrated by 
considering the attachments of the “ingui- 
nal” ligament. After considering this area 
in the rhesus monkey, Howell and Straus 
state “A true inguinal ligament is present 
only in man and gorilla” (p. 110 in Hart- 
man and Straus, 33). Apparently there is 
no inguinal ligament in the monkey be- 
cause the lateral, caudal, bony insertion of 
the M. obliquus externus abdominis is 
“upon the iliopectineal line near the pubo- 


1 This investigation was supported by research 
grants C-2663 from the National Cancer Insti- 
tute and H-2417 from the National Heart Insti- 
tute, U. S. Public Health Service. 

2Present address: Department of Anatomy, 
University of Kentucky, Lexington, Kentucky. 

3 Anatomical terminology for the parts of the 
jlium is extremely sparse. The Nomina Anatom- 
ica, 55, contains only 19 terms under os ilium. 
The border referred to here as margo acetabuli 
is, in Morris’ Human Anatomy, ’53, called the 
anterior border, but as this border of the ilium 
would not be anterior in non-human primates, 
it would seem better to use a terminology inde- 
pendent of the human anatomical position. We 
will, therefore, follow Waterman and other pri- 
matologists and use the term margo acetabuli 
for that border of the ilium, furthest from the 
sacrum, which extends caudally from the crista 
iliaca. 
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iliac junction” (p. 107) rather than at the 
point identified as the anterior superior 
iliac spine (their fig. 22). 

Speaking of the gorilla, Waterman (’28— 
29, p. 617) states, “The anterior superior 
spine is truly homologous to that of man 
both in its osteological relationships and 
in its relations to muscles. There is a true 
Poupart’s ligament attached at one end to 
the anterior superior spine and at the other 
to the anterior edge of the pubis.” Thus, 
there is a true inguinal ligament because 
its bony attachments are the same as in 
man. 

The opposite view can also be found. In 
describing the anatomy of the gorilla, 
Raven (in Gregory, 50, p. 56) states, 
“There is no thickening of the lower border 
of the aponeurosis (of the M. obliquus ex- 
ternus abdominis) to form an inguinal 
ligament.” His description of the at- 
tachments of M. latissimus, M. sartorius, 
and M. obliquus externus abdominis would 
deny the homology of the point identified 
as anterior superior iliac spine with that 
of man. Curiously enough, the muscular 
attachments as illustrated in plates 58 and 
59 (Gregory, 50) do not conform with the 
description given in the text. 

A yes or no answer to this problem is not 
necessary. Ayer (’48), in his description 
of Semnopithecus entellus, finds that only 
one part of the “inguinal ligament” is ho- 
mologous with that of man. This part 
does not involve either of the bony attach- 
ments. 

This lack of agreement apparently arises 
from a failure to adhere to the principle 
which LeGros Clark calls “The Principle of 
Morphological Equivalence” (’55, p. 30). 
By assuming that points are homologous 
because they have the same name, the 
muscles appear to be attached in an un- 
predictable manner in the various primate 


forms. 
MATERIAL 


The following anatomical descriptions 
are based on the dissection of one juvenile 
female and two mature male rhesus mon- 
keys (Macaca mulatta), one adult female 
Pan chimpanzee* and one sub-adult female 
Pan paniscus. Numerous photographs were 
made as the work progressed; all drawings 
have been prepared from these photo- 
graphs. 
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Macaca mulatta 
The drawings in figure 1 show the ve | 


rhesus os coxae. The crista iliaca ru ! 
ventro-laterally and then turning caudally 
continues as the margo acetabuli of the q 
ilium. In the ventro-medial view (fig. lay 
the M. erector spinae and M. quadratu) 
lumborum occupy most of the os ilium crf 
nial to the os sacrum and, therefore, the i:| 
bium internum as well. The fascia thors) 
columbalis attaches to the crista iliaca, anj 
the fusion of its dorsal and ventral lamell| 
occurs near the lateral end of the crist¢ 
From the dorso-lateral view (fig. 1b) it : 
evident that the labium externum define 
the cranial attachment of the M. gluteu 
medius. Both the M. iliacus and M. tens«¢ 
fasciae latae are excluded from the crist 
also neither the M. obliquus externus nc 
M. obliquus internus abdominis attach 1 
it. The M. transversus abdominis has 
attachment to the os ilium except for ii 
most caudal fibers which, via the fasc} 
thoracolumbalis, gain attachment at tk 
point where the crista becomes the marg 
acetabuli. The M. latissimus, likewiss 
gains attachment to the crista iliaca oni 
via the fascia thoracolumbalis. 

From the margo acetabuli there arise 
the M. tensor fasciae latae, M. sartoriu} 
M. obliquus internus abdominis, and ag 
aponeurosis which is related to the M. om 
liquus externus abdominis. The M. tensé | 
fasciae latae has an extensive origin fro? 
the margo acetabuli. Its origin begins ju 
caudal to the most cranial point on tH 
margo acetabuli and extends caudally ° 
overlap laterally the origin of the M. sai 
torius. Thus, the origin of M. tensor fa: 
ciae latae separates M. gluteus medit 
from M. sartorius (fig. la and b). 

The M. sartorius has an extensive origi 
from the middle third of the margo actetif 
4 We recognize only two species of chicas 


the pygmy chimpanzee, Pan paniscus of Coolidd 
(733) and Pan chimpanzee for all others. 


M. quadratus 
lumborum 
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monkey (Macaca mulatta). 


wrigin adjacent to the cranial margin of 
he acetabulum. These parts are continu- 
pus and really constitute a single extensive 
iprigin (fig. 1b). 

The M. obliquus externus abdominis 
mains an extensive attachment to the 
lmargo acetabuli via an aponeurosis. This 
aponeurosis is very dense from the most 
i¢ranial point on the margo acetabuli to the 
igranial point of attachment of the M. sar- 
orius. In the region of the M. sartorius at- 
tachment, it thins out somewhat only to 
wpecome thick again caudally to form the 
Jateral attachment of the crural arch. This 
ibrural arch extends medially over the M. 
wliacus, N. femoralis, A. femoralis, and V. 
wremoralis to gain attachment to the os 
it M. obliquus internus abdominis 
jriginates from the fascia thoracolum- 
dbalis and the margo acetabuli of the os 
‘ium. The caudal one half of its iliac origin 
#s aponeurotic as it arches over the M. 
jliopsoas. The most caudal fibers of the 
gmuscle originate from the deep face of 
Abe crural arch. They may continue to the 
fascia called iliaca in man and thus con- 
“orm to the human picture as depicted by 
“Keith (’33, p. 460) and McVay and Anson 
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M. gluteus 


M. transversus 
abdominis «X 


M. tensor 
fasciae 
latae 


M. rectus 
femoris 


Fig. 1 The (a) ventro-medial and (b) dorso-lateral views of the os coxae of the rhesus 


(40). The crural arch is continuous with 
both the aponeurosis of the M. obliquus ex- 
ternus abdominis and with that fascia 
which immediately overlies the M. iliop- 
soas. Thus, this structure fulfills many of 
the requirements for an “inguinal liga- 
ment,” but we prefer the terminology used 
by Gimbernat (1793) since this avoids the 
implications of the specialized anatomical 
condition found in man. 

The N. cutaneus femoris lateralis 
pierces the aponeurosis of the M. obliquus 
externus abdominis medial to the origin 
of M. sartorius. It crosses the ventral bor- 
der of this latter muscle on its course into 
the thigh (fig. 2). 

Those structures, which in man arise 
from the crista iliaca between the spina 
iliaca anterior superior and the origin of 
the M. quadratus lumborum, arise in the 
monkey from the margo acetabuli of the 
os ilium. 


Pan chimpanzee and Pan paniscus 


The ventral, dorsal, and cranial aspects 
of a chimpanzee (Pan chimpanzee) os 
coxae are shown in figure 3. The ventral 
aspect (fig. 3a) of the ala ossis ilii is given 
over to the origin of the M. iliacus. The 
dorsal aspect (fig. 3b) gives rise to the M. 
gluteus medius and, to some extent, to the 
M. gluteus minimus. 
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Fig. 2 The Crural Arch and associated structures of the rhesus monkey (Macaca mu- 


latta). 


The crista iliaca (fig. 3c) is quite thick 
medially and tapers to a relatively thin 
edge laterally. The edge itself runs in a 
medio-lateral direction. In its thicker 
medial third it gives origin to the M. erec- 
tor spinae; directly adjacent laterally is the 
origin of the M. quadratus lumborum. The 
lateral one-half gives origin to a portion of 
M. latissimus, M. obliquus internus abdom- 
inis and M. transversus abdominis. The 
M. obliquus externus abdominis, M. tensor 
fasciae latae, and M. sartorius are ex- 
cluded from the crista iliaca. 

The M. latissimus arises from the labium 
externum of the lateral one-half of the 
crista iliaca. In P. chimpanzee its origin 
extends beyond the crista, see below; in 
P. paniscus M. latissimus is restricted to 
the crista. 

The M. obliquus internus abdominis, 
which lies immediately deep to M. latissi- 
mus, has an origin which overlaps M. quad- 
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ratus lumborum medially and extends la 
erally the entire length of the crista. Th 
part of M. obliquus internus abdomin 
runs cranio-laterally (due to the orientz 
tion of the chimpanzee os ilium ) to inser 
on the most caudal rib. The origin of 
transversus abdominis on the crista iliac 
extends from M. quadratus lumborum ti 
the most lateral point on the crista (fig. 3c: 
The key structure on the margo ace: 
abuli of the os ilium is a heavy aponeuros} 
which is attached to the length of thi 
margo acetabuli from its most cranii 
point to the caudal border of the origin q 
M. sartorius (fig. 3a). This aponeurosis : 
in some way related to every muscle i 
the region. Figure 4 shows the aponeur 
sis with M. gluteus medius, M. gluteu 
minimus, and M. tensor fasciae latae ry 
moved. As indicated above, in P. chin 
panzee the most lateral portion of M. lati 
simus extends beyond the crista, and no} 


M. erector 
spinae 


M. quadratus 
lumborum 


1 


Fig. 3 The (a) ventral, (b) dorsal, and 
chimpanzee. 


Vit is seen to anchor in the cranial portion 
jof this aponeurosis. Both M. transversus 
fabdominis and M. obliquus internus ab- 
‘Ndominis take origin from this aponeurosis. 
1The most dorsal part of the M. obliquus 
#externus abdominis takes origin from the 
§tip of the most caudal rib and extends 
caudally, missing the crista iliaca, to fuse 
iwith the aponeurosis of the margo ace- 
}tabuli. The more ventral portions of the 
faponeurosis of the M. obliquus externus 
fabdominis extend caudally to form the 
crural arch. This arch is anchored medi- 
fally on the os pubis and laterally into the 
aponeurosis of the margo acetabuli along 
with the origin of M. sartorius. With this 
latter muscle the crural arch forms a 
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(c) cranial aspects of the os coxae of Pan 


reinforced, caudal margin to the aponeuro- 
sis of the margo acetabuli (fig. 4). 

From the dorsal aspect of this aponeu- 
rosis the M. tensor fasciae latae, M. gluteus 
medius, and M. gluteus minimus take par- 
tial origin. From its ventral aspect some 
fibers of M. iliacus take origin. 

The N. cutaneous femoris lateralis in 
both species of champanzee was found to 
emerge from the aponeurosis of the M. 
obliquus externus abdominis much as in 
the rhesus monkey: near the origin of 
M. sartorius and the lateral point of fixa- 
tion of the crural arch (fig. 4). 

The aponeurosis of the margo acetabuli 
of the os ilium functions as a latero-ventral 
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extension of the ala ossis ilii in chim- 
panzee. 


DISCUSSION 


There are certain anatomical similar- 
ities between the rhesus monkey and the 
two species of chimpanzee; there are cer- 
tain differences between these non-human 
primates as a group and man. In these 
non-human primates the aponeurosis of 
the M. obliquus externus abdominis gains 
either a direct or an indirect attachment 
to the margo acetabuli of the os ilium 
rather than to the crista iliaca as it does 
in man. In these non-human primates 
and in man there is a close association of 
the lateral point of fixation of the crural 
arch, the origin of M. sartorius, and the 
point at which the N. cutaneus femoris 
lateralis pierces the aponeurosis of the M. 


~~ , 
+ \ SS \\ 
SY lateralis S 


Fig. 4 The aponeurosis of the margo acetabuli in Pan chimpanzee. M. gluteus medius, 
M. gluteus minimus, and M. tensor fasciae latae have been removed. 


Aponeurosis 


obliquus externus abdominis. The poin 
to be noticed particularly is that these 
soft parts as a group are not associated 
with the same landmarks of the underly- 
ing os coxae. In these non-human pri- 
mates, the associated soft parts lie on the: 
margo acetabuli of the os ilium, cranial to 
the acetabulum but caudal to the point att 
which the crista iliaca becomes the margo: 
acetabuli. In man the associated soft parts: 
lie at the point where the crista iliaca: 
becomes the anterior border of the ilium. 

Thus, the soft parts hold together as a 
unit with a fairly constant relation in al 
three forms (rhesus, chimpanzee, andi 
man). However, the relation of this com- 
plex to the crista iliaca differs between) 
the non-human and the human primates. 

Although we agree with LeGros Clark’ : 
principle of Morphological Equivalence, 


this paper raises the question of just how 
does one identify structures which are 
morphologically equivalent. Miller (47, 
p. 139) takes an unequivocal position 
when she says, “In primates other than 
‘man there is no true inguinal ligament, 
‘its absence being correlated with the rela- 
tively much greater distance between the 
anterior superior iliac spine and the pubic 
symphysis.” LeGros Clark appears to sanc- 
tion such homology when, in discussing 
| the os coxae of the australopithecinae and 
Homo, he says “. . . the region of the an- 
terior superior spine extends farther for- 
mar... (55, p. 152). 

In the field of paleontology the estab- 
lishment of morphological equivalences 
must be particularly difficult. For there, 
of the bone-soft tissue complex, only bone 
remains. If comparative anatomy indi- 
cates a close correlation of soft parts but 
not a close association of soft parts with 
named bony points, how can one use 
{these bony points to hypothecate taxo- 
}momic relations? It would seem that it is 
safe to assume that all bony points are 
‘not equally useful for inter-species com- 
‘parisons. A necessary preliminary to such 
a procedure would appear to be a critical 
analysis of the bone-soft tissue complex. 


SUMMARY AND CONCLUSIONS 


The bone-soft tissue complex in the re- 
gion of the crista iliaca and the margo 
} acetabuli of the os ilium has been exam- 
ined in Macaca mulatta, Pan chimpanzee, 
and Pan paniscus. It was the purpose of 
this examination to investigate the con- 
i! cept of homology as it applies to the spina 


iliaca anterior superior. 
! 
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It was found that the soft tissues formed 
a complex, the parts of which showed a 
fairly constant relation to each other in 
these non-human primates and in man. 
The complex as a whole differed in its 
relation to associated bony parts. 

It is concluded that named bony points 
cannot be considered homologous unless 
it can be shown that the entire bone-soft 
tissue complex is consistent in the forms 
compared. 
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| Craniology has been of considerable 
nterest throughout the history of physical 
inthropology. As a result, an enormous 
jtumber of cranial measurements have 
been accumulated. Nevertheless, concise 
tatements regarding the significance of 
his material are scarce. For example, 
hat is the biological meaning of an in- 
srease in cephalic index or a decrease in 
prow ridging, of early or later closure of 
iIranial sutures, or of changes in cranial 
apacity? The authors believe that a re- 
tatement of the general principles of func- 
ional anatomical analysis will be useful 
n the further development of craniology. 
This paper presents a functional ana- 
omical analysis of 4 topics of craniological 
joterest: (1) neurocranial growth, (2) 
alvarial sutures, (3) supraorbital ridges, 
4) the components of a calvarial bone. 
t is shown that: (1) the development of 
ieurocranial form, both normal and ab- 
1ormal, occurs within an interacting func- 
jional matrix consisting of the cerebral 
apsule, skull base and meninges. While 
he neural mass provides the magnitude 
f the neurocranial growth vectors their 
Jirection is determined by the maturing 
ull base and meninges. Cerebral form 


ey exist; (3) the presence or absence 
if supraorbital ridges is only a reflection 
jf the spatial relationship between two 
junctionally unrelated cephalic compo- 
hents, the orbit and the brain case, both 
if which are served by the frontal bone; 
tnd (4) in even such a simple unit as the 
jrontal bone the external and internal 
lables, as well as the diploe, respond to 
liffering functional demands. 


Functional cranial components 


The form of the skull is related to its 
junctions. All bones primarily serve to 
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protect and support soft tissues. The skull 
arises and matures as part of a functional 
complex of tissues, brain, orbital contents, 
muscles, meninges, tongue, teeth: oral, 
nasal and pharyngeal cavities. Cranial 
form closely reflects the functional de- 
mands of these soft tissues throughout 
life. It is useful to think of the skull as 
comprised of a number of functional com- 
ponents associated with particular soft 
parts. 

For this concept we are indebted to 
van der Klaauw (46), whose dynamic 
hypothesis revitalized the study of cranial 
form. Van der Klaauw (’48—52) pro- 
posed that: “... the skull may be regarded 
as a complex of relatively separate func- 
tional components, sometimes detached, 
sometimes united in a morphological 
whole, but even in this case to a certain 
extent independent in size, relative posi- 
tion and grouping.” Functional cranial 
components are not to be confused with 
isolated morphological entities, such as 
individual bones. While a single bone may 
form a functional component in itself, 
these components may also include sev- 
eral bones or only portions of a single 
bone. 

For example, we may grossly divide the 
skull into “neural” and “facial” compo- 
nents, which separately respond to neural 
and visceral functions. Or, for a more 
detailed analysis, we may break down the 
neural skull still further into functional 
components such as cerebral capsule, ear 
capsule, nasal capsule, orbit, etc. (van der 
Klaauw, *48-’52). Additionally, within a 
given calvarial bone we may differentiate 
three functionally independent compo- 
nents: an outer table, a diploe, and an 
inner table. 


1 Aided, in part, by grant B-965 (C3) and 
A-1930, National Institutes of Health. 

2Predoctoral Fellow MF-6409 National Insti- 
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Studies dealing with many vertebrate 
forms, including the primates, have pro- 
vided substantial support for these prin- 
ciples (Barnikol, 52; Hofer, ’52, ’54a, 
’54b, ’54c, 58; Kummer, 752; Lang, 752, 
Starck, 53; Simon, ’54; Scott, 55; Biegert, 
57). They have also furnished working 
hypotheses for a series of laboratory ex- 
periments, as well as inquiries into the 
mechanisms of pathological and cultural 
cephalic malformations (Moss, 57a, ’57b, 
58a, “58b, 59a, “59b, “60; Young, 58, 
*59b). 


(A) Functional analysis of neurocranial 
growth 


The cerebral capsule is formed by the 
tissues which surround, and are intimately 
responsive to the functional demands of, 
the neural mass. In the fetus, the capsule 
includes the entire complex of soft tissues 
above and around the brain, and it is 
totally responsive to the spatial demands 
of the growing neural mass. 

The brain normally comprises the 
greater part of the neural mass, but this 
need not be the case. Even when the 
cerebrum is virtually absent, the vault 
may appear to have a normal size and 
shape, if the cerebral capsule has become 
filled with an equivalent amount of fluid 
(i.e., hydranencephaly) (Minckler, Mc- 
Curdy and Iwerson, ’41; Johnson et al., 
751). As development proceeds, the vari- 
ous layers of scalp, bone and dura are 
differentiated within the cerebral capsule 
(see below). 

Differentiation of the dural fiber sys- 
tems divides the calvarial surface of the 
capsule into a number of “fields.” Approx- 
imately at the center of these fields ossi- 
fication begins—in regions which have 
been variously termed “pressure poles” 
(Thoma, 11) or “loosened zones” (Grau- 
mann, ’51). Bone differentiates in the 
capsular tissues immediately above the 
dural layer, and in this layer the bony 
trabeculae expand radially outward from 
the ossification center (Noback, ’43). 

This osseous expansion occurs by trans- 
formation of previously undifferentiated 
connective tissue cells into osteoblasts. 
Growth in length and height occurs at 
different absolute yet relatively constant 
rates (Moss and Baer, 56; Moss, Noback 
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and Robertson, 56), while the entire caj 
sule continues to enlarge at a rate dete 
mined by the expansion of its conteni 
(Noback and Moss, ’56) (fig. 1). Th 
parietal bone, for example is passivet 
carried outwards by capsular expansia 
while it is growing. The growth of th 
parietal itself has nothing to do with ii 
relocation in space during this period ¢ 
development. Through this early enlarg 
ment, the parietal is merely ossifying | 
portion of the cerebral capsule. 

The outer layer of cranial dura is t 
inner periosteal layer of the calvarii 
bones. Consequently, both the size am 
shape of the inner surface of the osseo 
cranial vault is determined by the for: 
of the dura, which in turn is a direct 
flection of the form of the brain. Inm 
mals which remain thin-skulled ar 
small-muscled through maturity (such ¢ 
the rat and man) the size and shape ¢ 
the entire capsule may largely depe 
upon that of the neural mass. 

By means of experimental hydrocep. 
alus and microcephalus in rats, You 
(758, unpublished) investigated the rel 
tionship between volume of cranial co 


Fig. 1 The early expansive growth of 
human neurocranium increases the size of 
cerebral capsule and passively carries the « 
closed calvarial bones outward. The osteogene 
at the sutural areas (in black) is compensatc 
to this expansion and tends to keep the sut 
areas intact. It is by this process that # 
calvarial bones ossify successively larger a: 
of the cerebral capsule. 
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nts and condition of the cerebral capsule. 
When capsular contents were increased by 
jatraventricular accumulation of cerebro- 
jpinal fluid, the capsule was correspond- 
agly enlarged. The individual calvarial 
jones ultimately covered a larger area than 
sual. In the microcephalic animals, re- 


jmaller capsule with smaller bones. 

Size was not the only affected variable. 
When intracranial contents were in- 
eased, the capsule and its individual 
lones assumed a more globular shape. 
Vhen contents were decreased, these 
sructures were flattened out over the de- 
cient brain. 

| Significantly, in these experiments com- 
onents of the facial skeleton, such as the 
asal bones, were not affected by these al- 
prations in the cerebral capsule. With re- 
,jard to the base, the essentially plane rela- 
fonships of midline structures were not 
listurbed, but the cerebral fossae were cor- 
espondingly larger or smaller. A current 
judy of micro- and macrocrania in man 
Young, 59b) shows that the same prin- 
ples are operative in the postnatal devel- 
pment of the human skull. 

As the rate of brain growth lessens, the 
bsolute rate of capsular expansion corre- 
pondingly decreases, while the constancy 
the relative growth rates of individual 
ones is retained (Noback and Moss, ’56). 
teanwhile, ossification decelerates less 
japidly, so that the edges of adjacent bones 
irogressively encroach upon the interven- 
hg soft tissues of the presumptive sutures 
intil they closely approximate each other. 
ihe mode of bone growth then alters, 
ith surface apposition by osteoblastic 
fyers becoming predominant, producing 
‘thicker bone. Thus the area attained by 
he individual bones within the capsule 
jepends upon the location of their ossifica- 
ion center, and the duration and rate of 
pripheral osseous deposition. 

| The expansion of the enclosed neural 
\ass provides the magnitude of the neural 
»owth vectors. The direction of these 
mme vectors, on the other hand, is deter- 
ined primarily by preferentially oriented 
ber tracts of the dura mater (Bluntschli, 
45, and others). The functional unity of 
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base, brain, vault and dura has been de- 
scribed by a number of authors (Blunt- 
schli, ’25; Hochstetter, 39, Kokott, 33; 
Popa, *36; Witzig, "40; and esp. Deggeler, 
42). It is quite proper to regard the dura 
as the unossified part of the cerebral cap- 
sule, or conversely to regard the bone as 
the ossified part. The extent of this proc- 
ess in mammals is variable, as indicated by 
the ossification of the tentorium cerebelli 
in the cat. 

From its inception the cerebral capsule 
is “tied down” to the originally cartilagen- 
ous cranial base at 5 points: the crista 
galli, the lesser wings of the sphenoid, and 
the petrous crests of the temporal bone 
(fig. 2). Oriented fiber systems appear 
very early within the capsule in associa- 
tion with the sites of basal attachment. 
They are found (in what will become the 
adult dura mater) running from the crista 
galli, in the falx cerebri, from the lesser 
sphenoidal wings and from the petrous 
crests, in the tentorium cerebelli, in bun- 
dles which sweep up over the brain (for 
details see Popa, 36). In the adult the 
chief fiber tracts underlie the major cal- 
varial sutural sutures, the anterior lateral 
varial sutural areas—the midline system 
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Fig. 2 A basal view of the adult human 
brain. The areas in black represent the chief 
organized tracts of dural fibers as they arise 
from their attachments to the skull base in the 
region of the sella turcica. The anterior, middle 
and posterior pairs underlie the sagittal, coronal 
and lambdoidal sutural areas respectively (after 
Popa, ’36). 
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under the sagittal and metopic sutures, 
the anterior lateral system under the co- 
ronal suture and the posterior lateral sys- 
tem under the lambdoidal suture. 

The characteristic form (ie., size and 
shape) of the normal neural skull is the 
resultant of the preferential direction of 
the growth vectors of the expanding neural 
mass by these dural fiber systems. 

As the internal vectors of normal cranial 
growth influence the development of 
neurocranial form, so in premature cranial 
synostosis an early, primary, spatial mal- 
formation of the points of basal dural at- 
tachment alters the direction of neural 
growth vectors and results in secondary 
compensatory adjustments of the neural 
skull (Moss, 59a). Mechanical forces act- 
ing on the outside of the capsule may also 
influence its development in a reciprocal 
manner. Factors such as binding of the 
immature head (Moss, ’59b) or mainte- 
nance of an habitual sleeping position 
(Young, 757, and esp. Moss, ’59b) bring 
about primary alterations in the form of 
the frontal bone and other cephalic com- 
ponents which act through the dura mater 
to produce secondary basal malformations. 

The common factor in each of these 
cases is a mechanical condition which 
limits the expansion of the capsule in cer- 
tain directions by diverting the direction of 
growth vectors ultimately attributable to 
the neural mass. Since the magnitude of 
neural growth is unaffected in both cases, 
a change in form of the cerebral capsule 
results. 


(B) Functional analysis of cranial 
sutural areas 


We have emphasized that the calvarial 
bones must be considered as existing 
within the functional matrix of tissues 
within which it developed. The same prin- 
ciples hold true for the calvarial sutures, 
for these too are far from self-regulating 
in their development. A suture is a rem- 
nant of the originally membranous cere- 
bral capsule. As a localized region within 
the cranial capsule, it shares with the cal- 
varial bones a similar functional matrix. 

The soft tissues between two adjacent 
calvarial bones is a suture. When the im- 
mediately adjoining bony edges are in- 
cluded, we deal with a sutural area. A 
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suture has several functions: it resists th 
separation of bones; and it allows relati 
motion between them (Moss, °57a). Re 
cent experimental data, considered from 
functional viewpoint, have clarified man 
problems relating to sutures. 

1. The shape of a calvarial bone is nc 
predetermined by the location of the su 
tures. It is possible to experimentally di 
place sutural position. The location of 
suture is determined by the relative growt 
of adjacent bones (Moss, ’54; Girgis a 
Pritchard, 58) as indicated above, page 
282 and 283. 

2. The neurocranial sutures are n¢ 
growth sites in any sense analagous to a 
epiphysis. They do not “push the bon 
apart.” The sutural area is a site whez 
bone may be added to compensate for t 
separation of bones which occurs as t 
cerebral capsule expands and passive} 
carries the bones outward (fig. 2). As 
result, extirpation of sutures in gro 
animals is not followed by alteration i 
overall dimension of the cranium (Mos 
54). 

3. The intrinsic morphology of all c 
varial sutural areas freed from norma 
functional demands is flat, butt-end artict 
lation. Both beveling and interdigitatia 
are responses to extrinsic forces whi 
normally are operative when the bones at 
in their functional matrix (Moss, ’57a). 

4. Adjacent cranial bones cannot f[ 
made to fuse simple by pressing thet 
against each other (Laitinen, 56; Mo 
57a; Young, unpublished ); there are mop 
factors involved in synostosis than me? 
proximity of bone edges. Actually, sutur: 
fusion is an.event usually mediated by e 
trinsic forces. It does not occur when t 
bones are removed from their normal fun 
tional matrix (Moss, ’58b). The extern 
forces appear to act through the fibrov 
structures of the neurocranial capsule. ] 
the rat, for example, the normal en 
cranial ‘fusion of the posterior portion « 
the frontal (metopic) suture is well co 
lated with the structural alterations 
the falx cerebri which accompany the 
tation of the facial skull relative to t 
neural skull (Moss, ’58b). This has b 
further confirmed by the inhibition of 
sion following experimental separation — 
the falx from the overlying suture (Mos 


] 
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0). In premature sutural fusion in man 


ilar dural changes have been postu- 
Kited to arise as a result of malformations 
the skull base (Moss, ’57b; 59a). Evi- 
ently alterations in the cranial base 
nodify mechanical conditions within the 


ce transmitted to the vault through the 
Waral fiber systems and seemingly induce 
imostosis. Finally, we have preliminary 
ndications that the time sequences of su- 


varying the amount of intracranial con- 
mts (Young, unpublished). 

| It is quite clear that a proper functional 
donsideration of such a morphologically 
ample thing as a suture cannot be correct 


s-) Functional analysis of the supraorbital 
ridge 
») The frontal bone not only contributes to 


wae cerebral capsule, it also forms part of 


yae cerebral cortex.’ Superiorly and later- 
ily it forms the anterior portion of the 
mmer surface of the calvaria. Inferiorly 

furnishes the lateral portions of the 
4oor of the anterior cerebral fossa, which 
#§ simultaneously the roof of the orbit. The 
jorm of the frontal bone in this latter re- 
gion accurately reflects the functionally 
ariable spatial relationships between orbit 
d braincase. With an increased separa- 
jon of these functional components during 


nd an invasive pneumatization from ad- 
ucent sinuses may even occur (fig. 3). 
At birth, the human ocular globe is only 


yone. With increasing age, it becomes en- 
hosed to a much greater extent (fig. 4), 
4s surrounding bones respond to the 
owth of the ocular mass by providing in- 
keeased support and protection for these 
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Fig. 3 Three normal vertical variations in 
spatial relationship in man between the anterior 
cerebral fossa and the orbit are shown. As 
separation increases, the orbital roof first thick- 
ens and then pneumatizes (after Whitnall, S. E. 
1921 The Anatomy of the Human Orbit, London, 
Frowde, Hodder and Staughton). 


soft tissues. Experimental investigations 
in non-human forms have demonstrated 
that growth of the bony orbit is highly 
responsive to the development of enclosed 
soft tissues (Wessely, ’20; Washburn and 
Detwiler, "43; Coloumbre and Crelin, ’58). 
Similarly, infantile enucleation in man re- 
sults in diminished orbital size (Taylor, 
"BOD: 

The role of the frontal bone in provid- 
ing an adequate orbital roof is independent 
of its contribution to the cerebral capsule. 
In man the cerebral mass overlaps the 
orbit, and the normal growth rates of 
orbital and cranial contents result in a 
fairly constant antero-posterior spatial 
orientation between them. Furthermore, 
growth of orbital and cerebral masses 
ceases at about the same age (4 years). 
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Fig. 4 The horizontal anterior growth of the 
human bony orbit is shown. At birth (above) 
about half of the globe is anterior to the orbit 
while in the adult (below) the globe is almost 
completely covered (after Whitnall, ’21). 


However, when there is a smaller cere- 
bral volume with normal orbital contents, 
the independence of both components be- 
comes apparent. In human microcephaly, 
the frontal lobes no longer completely 
overlie the orbit, due to the decrease in 
neural mass. The portion of the frontal 
bone functionally related to the brain 
adapts itself to the smaller neural mass by 
processes outlined above. The portion of 
the frontal bone functionally related to the 
orbit, however, continues to surround the 
normal volume of orbital contents. It 
grows forward over the globe as usual. A 
large supraorbital ridge is the morphologi- 
cal result of these two growth processes 


(fig. 5). 
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We agree with Abbie (’52) that a fu 
tional correlation between brow ridgiry 
and jaw size (Toldt, ’14; Bolk, 22; Weiil 
mann and Sicher, ’55) is unjustified. Fij 


of which have relatively massive ‘ja 
The presence or absence of appreciaby 
supraorbital ridges in these forms is clear 
related to the spatial relationship betwee 
the orbit and braincase alone. In the ney 
born of both forms the orbit is well ove 
lapped superiorly by the braincase, an 
no supraorbital ridge is seen. In the adult} 
this relationship is only partially modifie 
in the orang, while in the gorilla a wid 
separation of the two functional comp: 
nents occurs (Biegert, 57). This displacj 
ment is influenced by a greater bendin 
(kyphosis) of the splanchocranium rel] 
tive to the neurocranium in the goriill 
carrying the face and orbit down an 
forward from the neural skull (see Delattz 
and Fenart, 56, for details). As a neces 
sary, functional consequence of the separi 
tion between braincase and orbit, a bro 
ridge is formed in the gorilla alone. 
homologous situation has been cleart 
demonstrated in the dog (Weidenreic: 
“ALi 

The same principles may be applied in id 
terpreting the significance of frontal bon 
morphology in early hominid forms. TH 
site and magnitude of postorbital const 
tion, for example, depends upon the rel] 
tive size and spatial relations of orbitt 
contents and brain (Mollison, 25; Stad 
miiller, 49). Brow ridges, as suggeste’ 
above, may be similarly explained (fig. 7; 
As a correlate to the increase in brain sii 
characteristic of human evolution, tl 
cerebrum covers the orbit more completel | 
As a result, changes occur in the form 
the frontal bone, since it continues to n 
spond to the functional needs of bo 
neural and orbital soft tissues. In moder 
man, the normal ontogenetic expansion + 
the cerebral frontal lobe brings the bra} 
into the region where a brow ridge fc 
merly appeared. Consequently, the pa 
tion of the frontal bone responsive to t 
neural mass is displaced anteriorly, whe: 
it blends smoothly with the superior orbitt 
margin. We conclude, then, that the sii 
nificance of the phylogenetic disappex 
ance of hominid brow ridges is found - 


| 


Fig. 5 A lateral tracing of an adult microcephalic skull. Note the deficient cerebral frontal 
mass and the large supraorbital ridge which covers a normally positioned globe. Compare 
with figures 6 and 7. (After Vogt, C. 1867 Uber den Mikrocephalen oder Affen-Meschen. 


Arch. Anthrop., 2: 128-284). 


Fig. 6 Diagrams of lateral view of an adult male orang (above ) and an adult male gorilla 
(below), showing the differing spatial relationships between their similarly sized brains and 
orbits. Note also the relative similarity of their jaw size. The presence of the supraorbital 
ridge in the gorilla seems closely related to the anterior position of the orbit in this form 
(after Biegert, ’57). (Sagittal crest is schematically indicated). 


288 


Fig. 7 A lateral representation of Pithecan- 
thropus skull IV and of a skull of an adult 
male Austrian (A.M.N.H. no. 3813). Orbital out- 
lines have been added. The supraorbital ridging 
of the former is related to the relative position of 
orbit and brain in precisely the same manner as 
shown in figures 5 and 6. (After Weidenreich, F. 
1943 The skull of Sinanthropus pekinensis. 
Palaeontol. Sinica, n.s. D10: 1-298). 


the changing relationships of associated 
soft tissues. 

In common laboratory mammals (rat, 
guinea pig, rabbit) the calvarial portion of 
the frontal bone serves to protect two dif- 
ferent functional components. In these 
forms the olfactory bulbs lie in the fossa 
olfactoria well anterior to the cerebrum, 
and are partially separated from it by an 
endocranial ridge (Jugum limitans fossae 
olfactorae, Simon, 54). In experimental 
hydrocephaly in the rat, compression of the 
olfactory lobe causes the ridge to be located 
farther forward, so that the cerebral part 
of the frontal is increased relative to the 
olfactory component. To compensate for 
this, inter-orbital distance is widened, and 
the olfactory portion of the frontal bulges 
upward (Young, unpublished). The cere- 
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bral and olfactory components of the raj 
frontal bone not only have different func 
tions, growth rates and morphologies, eve?} 
their sutural patterns are dissimilar (Moss: 
*58b). } 


(D) Functional components within the 
frontal bone 


The adult human frontal bone, in co 
mon with all other calvarial bones, consis { 
of an inner and outer plate of compac| 
bone, and an intervening mass of trabecu 
lar bone, the diploe. Ontogenetically, th 
frontal bone begins as a mass of simpll 
trabeculae, which expand from the pri 
mary ossification centers in the form a 
simple radiating trabeculae. A centrifuga: 
gradient of maturation of this bone into | 
thicker, though still porous tissue mass i 
followed by the production of the defini 
tive, three-layered structure (Bernsteir 
33; Noback, ’43; Moss, 54). Prior to thi 
formation of diploe and plates, the entir 
bone—indeed the entire cerebral capsule 
is functionally related to the brain alone 

Outer table. The gradual differentia 
tion of the outer plate is correlated with 
the increasing demands of the scalp tis 
sues in general, and of calvarial muscle 
in particular. The result of this osseo 
differentiation is to dissociate functionall. 
the two plates of bone with the appearancs 
of intervening diploe. 

Numerous experiments have shown the 
the influence of muscle function is essen 
tially limited to the outer table (Fick, 1857 
Anthony, 703; Neubauer, 25; Washbu 
°47). Cranial crests and ridges associate: 
with muscle attachments are functiona 
related to these muscles for their develoy 
ment and continued existence (Washburn 
°47). Their location may vary, howeve? 
with changes in the volume of materi< 
enclosed by the cerebral capsule: the tem 
poral lines, for example, are higher ii 
microcephaly, lower in macrocepha 
(Riesenfeld, 55). When cranial content 
are deficient on one side only, the tempor¢ 
lines are higher on that side (Young{ 
*D9b). | 

Inner table. The inner table is e3 
quisitely sensitive to alterations in cere 
bral morphology not only during the peri 
of brain growth, but throughout the li 
span. The inner plate normally alters to a 
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commodate the cerebral shrinkage which 
accompanies old age (Hartl and Burkhardt, 
. 02). More dramatic is hyperostosis fron- 
italis interna (Moore, ’53), characterized 
by proliferation of the inner plate follow- 
ing severe shrinkage of the cerebral mass. 
Numerous examples of the intimate de- 
fpendence of endocranial form upon the 
state of adjacent soft tissues are found in 
ithe clinical literature (cf. Dyke et al., ’33; 
"41; Noetzel, *49; Fischgold and 


etzger, “51; Lefebvre, 51; Lefebrvre et 
fal., 53, 55; Kehrer, 55; Schiffer, 56; 
Schiffer and Korn, 56). A typical example 
is presented in figure 8. 

The diploe has several simul- 
including hemato- 


Diploe. 
functions, 


Noetzel, ’49). 
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tantly, weight reduction of total bone is 
gained by the increase in trabecular bone 
at the expense of compact bone. Pneu- 
matization of the frontal sinus indicates 
that the diploe is also functionally respon- 
sive to the respiratory system. In any com- 
plete functional analysis of the skull, an 
empty space (nasal cavity, oral cavity, 
sinus) may be as much “soft tissue” as in 
muscle (see Moss, ’59c for details of this 
hypothesis ). 

We may safely conclude that the form 
of the ectocranial surface of the neuro- 
cranium is functionally unrelated to that 
of the endocranial surface (Hofer, 54; 
Simon, °55). Similarly independent are 
postnatal variations in that part of the 
capsule which differentiates into scalp 
(Garn, Selby and Young, 54; Young, 59a). 


Fig. 8 An endocranial view of a human skull base. An extensive compensatory pneumati- 
zation and inward displacement of the left frontal endocranial plate has followed an atrophy 
of the left frontal cerebral lobe. Note that the outer plate of this bone is unaffected. 


(After 
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DISCUSSION AND SUMMARY 


The skull is made up of a number of 
functional components, which support or 
protect related soft tissues. 

When the adult, human frontal bone 
was analyzed with this concept in mind, it 
became evident that this single morpho- 
logical structure is by no means a single 
functional unit. The inner table is part of 
the cerebral capsule, a functional compo- 
nent which is highly responsive to the re- 
quirements or intracranial soft tissues at 
all times. The outer table, however, is 
functionally independent. Anteriorly and 
inferiorly its form is associated with the 
support and protection of soft tissues in 
another functional component, the orbit. 
Elsewhere it may be locally modified by 
forces due to muscle action. The middle 
osseous layer, the diploe, is also function- 
ally independent, being concerned with 
hematopoiesis, and with pneumatization 
by respiratory sinuses. Finally, even the 
frontal suture is far from being a simple, 
intrinsically regulated entity. It is greatly 
influenced by related soft tissues, dura and 
cranial base, and cannot adequately be 
studied in isolation from them. 

In other words, the form of the frontal 
bone is comprehensible only when the nor- 
mal functional matrix of the bone is taken 
into account. This means that one must 
consider brain, cerebrospinal fluid, orbital 
contents, sinuses, muscles and other soft 
tissues in order to understand the deter- 
mination of form of even a single bone. 

We believe that interpretation of crani- 
olgical material will be enhanced if atten- 
tion is paid to these principles. 

It may be noted, for example, that 
length and width measurements which 
comprise the cranial index include all 
three, functionally independent layers of 
bone in two walls of the cerebral capsule, 
plus any contained soft tissues (or the cav- 
ity which they formerly occupied). If the 
measurements are made over intact scalp, 
a further variable is added. Furthermore, 
the length dimension includes elements of 
two overlapping skull components, brain- 
case and orbits. Nevertheless, insofar as 
the index gives a rough approximation of 
the proportions of the cerebral capsule—as 
it does in thin-skulled, small-muscled 
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forms such as the rat and man—its sig 
nificance is not entirely obscure. The fornyy 
of the capsule in such a case is in large 
measure a result of the development of 
intracranial soft tissues. Brachycephaly) 
for example, must ultimately reflect 
changes in intracranial tissues—not up: 
right posture, growth rates at sutures, o}| 
other previously suggested factors whicli 
have failed to relate the cranial bones tq 
their proper functional matrix. | 

It is implicit in our hypothesis that onto 
genetically the form of the osseous skull 
at any moment accurately reflects the re} 
sultant of the functional demands of the 
protected and supported soft tissues. An 
identical orientation may be given to phylo} 
genetic considerations (see Biegert, 57)) 
We may Say that the obvious evolutionary) 
changes in osseous form appear in reality 
to be secondary manifestations of primar] 
changes in the related soft tissues. Evoluj 
tionary modifications in soft parts wi 
bring about appropriate alterations i 
functionally related portions of the skull! 

The adoption by physical anthropol 
ogists of a functional approach to crani 
ology should provide a sounder basis fo: 
the interpretation of craniological mate: 
rial than has previously existed. 
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The numerous ossification centers of the 
mand and wrist that appear during post- 


the simplest measure of osseous develop- 
ment without need for pictorial reference 


hing, variability at different ages must be 
#aken into account: when variability is 
mall it is difficult to establish gradations 
»£ osseous status. Moreover, intercorrela- 
sions between successive ages must be de- 
fJermined on an individual basis. If chil- 
ren differ widly in status at different ages, 
simple enumeration of hand-wrist cen- 
fers has obvious limitations. 
Furthermore, the representativeness of 
he hand must be known. While the hand 
floes contribute 28 centers, out of the total 


} 


4f 6O used for evaluation, it is not certain 
\whether the hand is representative of the 
emainder of the appendicular skeleton. 
,uthors favoring the hand have assumed 
‘ts representativeness, while authors ad- 
locating a more extensive radiographic 
rvey have assumed that the hand is not 
jlepresentative. In either case definitive 
i ata have been lacking. 

| The present study, therefore, is con- 
ferned with the number of hand-wrist ossi- 
cation centers present at various ages 
uring infancy and childhood, the extent 
») which hand-wrist status at one age re- 
fites to hand-wrist status at another age, 
nd the degree to which the hand is in 
dg eement with the remainder of the ap- 
lendicular skeleton during infancy and 
Whildhood. Recognizing the technical sim- 
ilicity of a postero-anterior hand film, and 
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the saving in radiation it affords, the cen- 
tral problem is whether a simple enumera- 
tion of centers can serve as a continuing 
index of individual developmental prog- 
ress. 

METHODS AND MATERIALS 


The present study is based upon serial 
longitudinal radiographs of 154 Ohio-born 
boys and girls, selected on the basis of the 
most complete hand-wrist radiographic 
series, and excluding like-sexed siblings 
from the tabulations (Garn and Rohmann, 
"59, 60); 

The number of postnatal ossification 
centers of the hand was individually ascer- 
tained at one, three, 6, 9 and 12 months 
and at half-yearly intervals thereafter 
(Garn and Shamir, 58). Sex and age- 
specific cumulative frequency curves were 
compiled from the raw data, and the 5th, 
50th and 95th percentiles obtained by 
interpolation. 

In addition to hand-wrist ossification 
counts from 0.08 through 10.0 years, the 
number of bony nuclei of the foot was 
counted for all subjects at 4.0 years of age. 
Furthermore, the “total” number of appen- 
dicular ossification centers was also enum- 
erated at full birthdays, 2.0 through 6.0 
years. Body parts considered included the 
hand and wrist, elbow, shoulder, hiv, knee, 
lower leg and foot, as pictured in Garn 
and Shamir (758, fig. 4) and described by 
Pyle and Sontag (743). 

Prior to computing correlation coeffi- 
cients, all raw scores were converted into 
sex-specific normalized T-scores. For the 
most part intercorrelations involving the 
number of centers present at various ages 
were expedited by the use of the N. C. R. 
Electronic Computer. However, 36 of the 
556 intercorrelations were completed on 
a desk calculator, again using normalized 
sex-specific T-scores. Mean intercorrela- 
tions involving particular time intervals 
were obtained by summing the z-trans- 
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forms of individual values of r as described 
in Garn and Rohmann (’59), and follow- 
ing the method used by Garn, Lewis and 
Polacheck (60). 

Spot checks showed that secular trends 
could be ignored in these ossification data. 
Moreover, all correlations involved intra- 
individual comparisons, in which such 
trends would not be a complicating factor. 
Nevertheless, in considering the normative 
aspects of the findings, attention should be 
directed to the national origins, economic 
position and nutritive status of the popula- 
tion sample used in this study. For popu- 
lations differing considerably in the timing 
and sequence of ossification centers, differ- 
ent correlations could be expected. 


FINDINGS 


As shown in table 1, where the 5th, 50th, 
and 95 percentiles are tabulated, the num- 
ber of postnatal ossification centers of the 
hand and wrist increases rather slowly up 
to the first birthday. Thereafter, and until 
the fourth year, there is a rapid rise in the 
number of centers, followed by a period of 
slow increase until the full complement of 
28 centers is attained. Throughout the age 


TABLE 1 


Number of hand-wrist ossification centers from one month through 10.0 years 
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span considered, the girls are ahead of the : 
boys, both with respect to number of ceni 
ters and the age at completion. In fact, ai 
1.0, 1.5, and 2.0 years the median aut 
of centers for the girls approximates twice; 
that for the boys. if 

Variability in number of centers presenti 
moreover, tends to be limited both during) 
infancy and in the school years, as shown 
in figure 1. Below the first year in maless 
and after the 6th year in females absolute 
variability in number of centers is tog 
small to afford effective discrimination} 
Thus, the period of rapid increase in the 
number of hand-wrist centers proves to be} 
the period in which a simple enumeratior 
is potentially most useful in hand-wris} 
comparisons. 

Since variability in hand-wrist centers ii 
small during the first year, except for girl 
at 9 months of age, it is not surprising thay 
the number of centers present at one 
three, 6 and 9 months are poorly inten 
correlated, as shown in table 2. Being ad 
vanced or retarded in hand-wrist ossifica: 
tion at one age, is barely predictive of ossi 
fication status as little as three or 6 month 
later. With marked irregularities in thi 


Percentiles 
Age Boys Girls 
5 50 95 5 50 95 
years 
0.08 = —_— 2:0 —_— 0.5 Dats 
0.25 — 0.8 Pref - 1.8 3.0 
0.50 — ars 2.9 0.9 23 6.0 
0.75 0.2 Dal 3.9 0.8 3.4 THs 
1.00 12 Digs) icc 1.6 6.8 16.4 
1550 2.0 6.2 16.0 7.0 16.6 22.2 
2.00 5.4 11.4 20.4 12.4 QED 24.4 
2250 8.1 16.8 23.0 18.0 Dont 26.2 
3.00 11.8 19.7 24.2 19.0 23.8 26.8 
3.50 15.6 22.2 24.8 PAE 24.3 Q7.7 
4.00 18.0 OIF AL PIT! 29.7, 25.4 27.5 
4.50 20.4 23:5 26.5 23.0 26:5 28.0 
5.00 21.4 24.2 Pile NL 23.0 27.0 — 
5.50 DO%3 24.8 27.6 24.5 27.4 — 
6.00 22.4 25.9 28.0 26.1 ZS oo 
6.50 22.8 26.5 — 26.3 27.9 — 
7.00 23.8 27.2 —_— 26.3 27.9 —_— 
HS) 24.0 27.5 — 27.0 27.9 — 
8.00 25.4 27.8 —_— Dita PA ne) — 
8.50 26.1 27.9 — 28.0 28.0 — 
9.00 26.7 27.9 — 28.0 = — 
9.50 PATA 28.0 — 28.0 — — 
10.00 28.0 —_— — 28.0 — — 


VARIABILITY IN NUMBER OF CENTERS 


AGE IN YEARS 


Fig. 1 


rapid increase in the number of centers. 
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Variability in the number of hand-wrist centers from 0.08 through 9.5 years. As 
shown, the difference between the 95th and 5th percentiles is large during the period of 


TABLE 2 


Correlations involving the number of hand-wrist centers during the first two years of life 


Intercorrelations— Boys} 


Age 

0.08 0.25 0.50 0.75 1.00 1.50 2.00 
years 
0.08 — 0.58} 0.34 0.26 0.30 0.16 0.01 
0.25 0.51 = 0.27 0.28 0.31 0.22 0.07 
0.50 wy O39 0.48 — 0.58 0.22 0.20 0.22 
0.75 0.12 0.17 0.61 =. 0.47 0.28 0.24 
1.00 0.23 0.10 0.45 0.77 — 0.70 0.52 
1.50 0.11 0.20 0.33 0.58 Oni —- 0.77 
2.00 0.04 0.19 0.40 0.49 0.67 0.78 — 


Intercorrelations—Girls 


1 From sex-specific normalized T-scores. 


ion during the first few years of life (cf. 
oe 2). 

| The extent to which the number of cen- 
ers present at one age is related to the 
umber of centers present at another age 
vas further explored through the use of a 
13 X 22 correlation matrix, involving 253 
eparate correlations for each sex. Since 
Jne major question was constancy of rela- 
five (or percentile) position over varying 
Jeriods of time, the individual correlations 


vere pooled in terms of advancing elapsed 


time. As shown in table 3, such mean 
intercorrelations varied in magnitude from 
0.8, over a 6-month period, downward to 
0.13, over an 8-year interval. Over an 
average of 4 years time, the mean inter- 
correlation approximated 0.4, too low for 
individual prediction though useful on a 
group basis and at the extremes of the 
distribution. 

In considering the “representativeness” 
of the hand and wrist, as a measure of ossi- 
fication status, the number of hand-wrist 
centers at 2.0, 3.0, 4.0, 5.0 and 6.0 years 
was individually compared to the total 


296 STANLEY M. GARN AND CHRISTABEL G. ROHMANN 


} Fig. 2 Constancy and variability in hand-wrist ossification during the fir 

life. Above, Fels child 271 (female) dropping from the 97th perc anile at Lae 
53rd percentile at 3.0 years. Middle, Fels case 140 (female) advanced at 1.5 years (97th 
percentile) and comparably advanced at 3.0 years (96th percentile). Below ‘Fels child 
156 (male) remaining in the 1st percentile from 1.5 through 3.0 years, oo 


TABLE 3 


‘Mean intercorrelations for number of hand-wrist 
centers arranged according to elapsed time 


ee rea Mean ri 
years 
0.5 16 0.77 
1.0 15 0.64 
1.5 14 0.55 
2.0 13 0.48 
2.5 12 0.45 
3.0 11 0.42 
3.5 10 0.39 
4.0 9 0.372 
4.5 8 0.37 
5.0 7 0.36 
5.5 6 0.35 
6.0 5 0.28 
6.5 4 0.27 
7.0 3 0.21 
7.5 2 0.20 
8.0 1 0.13 


1 Mean combined-sex correlation coefficient, 
|} computed from sex-specific z-transforms of r. 
‘| ?™Median r over a 4-year period for 272 indi- 
\) vidual sex-specific correlation coefficients. 


ynumber of centers in the appendicular 
} skeleton at the same ages, again using sex- 
{specific normalized T-scores. The raw cor- 


Correlation 


> 
GQ 
Co) 


Hand-wrist vs. total? 
Hand-wrist vs. balance* 


Hand-wrist vs. total? 
Hand-wrist vs. balance® 


Hand-wrist vs. total 
Hand-wrist vs. balance 


Hand-wrist vs. total 
Hand-wrist vs. balance 


Hand-wrist vs. total 
Hand-wrist vs. balance 


O19) TOV ie > 02 G2 NO 
O20) C10) OO1O0 Oo 


1¥rom normalized T-scores. 


Correlation Age 


Hand-wrist vs. “total”? 4.0 
Foot vs. “total”! 4.0 
Hand and foot vs. “total”? 4.0 
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relations, hand-wrist vs. “total” averaged 
0.6 to 0.8, as shown in table 4. However, 
these correlations were artificially inflated 
by the fact that the hand and wrist con- 
tributed up to 28 (47% ) of the total num- 
ber of 60 centers. When the hand-wrist 
count was compared to the balance of the 
appendicular skeleton, involving 32 inde- 
pendent nuclei, the correlations dropped 
markedly by approximately 0.4, and to 
values as low as 0.16 (table 4). Thus the 
hand, though significantly related to os- 
seous status in general, did not prove to 
be highly representative of the body as a 
whole. 

In a further effort to make the number 
of hand-wrist centers useful on an individ- 
ual basis, the combination of hand and 
foot was explored at 4.0 years of age. Such 
a combination involved up to 48 of the 
total of 60 nuclei, and it was reasonable to 
expect that the addition of 20 tarsal, meta- 
tarsal and phalangeal centers would mark- 
edly improve predictability. However, as 
shown in table 5, where sex-specific cor- 
relations are tabulated, there was no useful 


TABLE 4 
Correlations between hand-wrist and body centers 


Boys Girls 
N rl N ri 
69 0.81 71 0.84 
69 0.53 71 0.47 
73 0.89 63 0.78 
73 0.41 63 0.49 
70 0.84 71 0.81 
70 0.52 71 0.45 
46 0.78 28 0.88 
46 0.49 28 0.26 
35 0.86 21 0.63 
35 0.37 21 0.16 


2 Total number of centers as in Pyle and Sontag (43). é 
3 Total number of centers excluding those of the hand and wrist. 


TABLE 5 


Correlations between hand centers, foot centers and the “total” number of 
centers at 4.0 years 


Boys Girls 
N T N T 
67 0.85 69 0.78 
67 0.86 69 0.55 
67 0.94 69 0.81 


1 Total number of centers as in Pyle and Sontag (’43). 
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increase in predictive efficiency. The hand 
and foot together (which are highly cor- 
related) did not remedy the limitations of 
the hand alone. 

It was evident that the number of hand- 
wrist centers, though valuable in group 
comparisons and in clinical studies, does 
not serve as a precise investigative tool for 
use in the growth appraisal of healthy 
children. 

DISCUSSION 

From these longitudinal analyses of 
longitudinal data it is clear that the num- 
ber of hand-wrist ossification centers pres- 
ent at one age is not a generally useful 
measure of developmental status for in- 
dividual normal children. Though dis- 
tinctly applicable on a group basis (cf. 
Garn, Clark, Landkof and Newell, ’60; 
Maranjian, 60) and for children beyond 
the 5th and 95th percentile limits, predict- 
ability from one age level to another is 
insufficiently high to commend a simple 
“carpal count” as a precise tool for serial 
growth evaluation. 

During the first year of life, variability 
in the number of hand-wrist centers is 
small, precluding any successful division 
into advanced, moderate and retarded cate- 
gories. Moreover, the nuclei that may be 
present (capitate, hamate and triquetral) 
have little communality with the later- 
appearing round bones and epiphyses as 
we have previously shown (Garn and 
Rohmann, 59). After the third or 4th year 
variability in the number of centers again 
becomes restricted, so that a simple enum- 
eration is of value only for a limited time 
during infancy, except, of course, in endo- 
crinopathies, infantile malnutrition, and 
growth failures. 

Over a time lapse of no more than a 
year, intercorrelations involving the num- 
ber of hand-wrist centers average approxi- 
mately 0.6, useful on a group basis, and 
to a limited extent in assaying individual 
growth. Over a 4 year period the mean in- 
tercorrelation approximates 0.4, attesting 
to some consistency of developmental prog- 
ress but not a useful one in individual anal- 
yses. Such low intercorrelations are ex- 
plained by the autonomies exhibited by 
individual centers of ossification with re- 
spect to time of appearance (Garn and 
Rohmann, ’59), to sequence of appearance 
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(Garn, Rohmann and Robinow, ’61), and) 
to familial atypical patterns (Garn andi 
Rohmann, ’60). Obviously, predictability 
of hand-wrist counts could be improved by; 
ignoring the carpal centers with their nota-| 
bly low communalities, and we are cur- 
rently exploring such a corrected system. 

Although the hand has been considered 
as representative of the body, the present} 
data do not support this contention. Cor-| 
relations of 0.7 to 0.8 between the number 
of hand-wrist centers and the total number; 
of body centers are due largely to the larg 
proportion of hand-wrist centers included] 
in the total. Correlating the hand with the; 
foot-knee-hip-shoulder-elbow summation, 
the values of r drop to 0.3—0.4 and below. | 
This does not invalidate the use of thes 
postero-anterior hand plate for objective 
assessments, particularly in growth abnor-1 
malities or endocrinopathies, but it does: 
indicate that the hand alone is inadequate 
if the technique is simple enumeration, 
and applied to the appraisal of normal in- 
dividual growth. 

Assuming that the totality of appendic- 
ular centers suggested by Pyle and Sontag2 
(43), and used by Wilkins (60) and 
others, does represent the optimum meas 
ure of developmental status, it might be: 
thought that the hand and foot together, 
with a potential of 48 centers, would yield 
maximum information consistent wit 
minimal radiation exposure. But includ- 
ing a total of 48 centers instead of only 283 
barely increases predictability. The handi 
plus some area closer to the axial skeletoni 
might prove the optimum combination. 

Clearly, hand-wrist ossification counts, 
however reliable and objective, fall shortt 
of useful as indicators of normal develop- 
mental progress. It is thus too early too 
canonize particular techniques of assess- 
ment, until we know more about interrela- 
tionships in ossification and bone growth. 

Nevertheless, hand-wrist radiographs, 
particularly serial radiographs, have muc 
to offer. There are obvious differences in 
timing, sequence of appearance, and pat- 
terning that have been but little explored. j 
In family-line and twin studies we haves 
much to learn about genic determinants. 
Studies on protein malnutrition and corti- 
sone treatment, and investigations on vari- 
ous racial groups will contribute much tod 


‘yur continuing knowledge. Instead of 
Wwiewing the ossification of the hand and 
wrist as a closed subject, an accepted clini- 
eal tool, it is clear that it is a subject for 
Foncerted investigation, where the determi- 


SUMMARY 


1. The number of postnatal ossification 
‘renters of the hand and wrist was investi- 
zated in 154 Ohio-born white subjects at 
3 successive age intervals from one 
onth through 10 years. 

2. The number of centers at a given age 
as at best moderately correlated with the 
number of centers present at another age, 


4. The combination hand - plus - foot, 
(though accounting for a maximum of 48 
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of the National Institutes of Health is 
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A-B-O GROUPS AND M-N TYPES 


Recently, Dr. Maitland Baldwin, Chief 
of the Surgical Neurology Branch of the 
National Institute of Neurological Diseases 
and Blindness, sent us blood samples from 
14 chimpanzees who were being studied 
at that institute. This opportunity has 
been used to restudy the A-B-O groups and 
M-N factors of chimpanzees, and also to 
test their blood for the Rh-Hr factors, as 
well as a number of the more recently dis- 
covered human blood factors. In this 
paper it is proposed to present the results 
of the A-B-O and M-N tests, and in subse- 
Jquent papers will be presented the results 
of the tests for the Rh-Hr and other blood 
factors. 

The first study of the A-B-O blood groups 
of primates was carried out by Landsteiner 
jand Miller in 1925. Among 15 chimpan- 
jzees tested, they found three with blood 
giving the reactions of the human blood 
group O and 11 giving reactions corre- 
jsponding to the blood group A. When the 
tblood of humans and chimpanzees was 
{compared by direct cross-matching tests, 
iiLandsteiner and Miller found that in addi- 
ition to the isoagglutinins anti-A and anti- 
1B chimpanzee sera contained weak hetero- 
jagglutinins, so that chimpanzee sera not 
requently weakly clumped human group 
0 cells, while human sera often clumped 
chimpanzee cells of group O. The reac- 
tions of such heteroagglutinins must be 
taken into account when anti-A and anti-B 
4uman sera are used for testing blood of 
jower primates’. Landsteiner and Miller 
‘bointed out that this difficulty could be 
‘avoided by using anti-A and anti-B rea- 
‘gents prepared by immunizing rabbits with 
jauman cells of group A and group B, re- 
‘spectively, and then absorbing with group 
O human cells to remove the species- 
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specific agglutinins. (Failure to take 
heteroagglutinins into account caused er- 
rors in some of the early investigations by 
other workers.) The observations by Land- 
steiner and Miller have been confirmed 
and, by 1938, 92 chimpanzees had been 
tested (Wiener, 43) of whom 81 proved 
to be group A and 11 group O. 

In their original study, Landsteiner and 
Miller also tested blood of other anthropoid 
apes. They reported that among 6 orangu- 
tans, two were group A, three were group 
B and one was group AB. Only one gib- 
bon was tested who proved to be group A, 
while the blood of a gorilla which they 
tested could not be classified into any of 
the 4 A-B-O blood groups. Subsequently, 
Candela, Wiener and Goss (’40) were able 
to study blood and organs from a dead 
gorilla. They showed that while the 
gorilla’s red blood cells were not clumped 
by either anti-A or anti-B sera, the serum 
contained anti-A but not anti-B agglu- 
tinins. Extracts of the salivary glands of 
this gorilla showed the presence of blood 
group substance B in high concentra- 
tion. Thus, this gorilla belonged to group 
B, and while the B antigen was not demon- 
strable on the blood cells, it was present in 
the salivary glands and secretions. The 
same investigators then determined the 
blood groups of additional gorillas by test- 
ing their urines by the inhibition technic 
and found that of the 13 lowland gorillas 
(G. gorilla) all belonged to group B, while 


1In this paper, in conformity with the recom- 
mendation of the Committee on Medico-legal 
Problems of the American Medical Association 
(Wiener, Owen, Stormont and Wexler, ’57), sym- 
bols for agglutinogens, phenotypes, and blood 
group systems are printed in regular type, sym- 
bols for blood factors and their corresponding 
antibodies in boldface type, and symbols for 
genes and genotypes in italics. 
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two mountain gorillas (G. berengei) both 
belonged to group A. 

In tests on monkeys, it had previously 
been found that rhesus monkeys (M. 
mulatta) regularly had anti-A but not anti- 
B in their sera, but their red cells were not 
clumped by either anti-A or anti-B serum. 
Wiener, Candela and Goss (742) then 
tested saliva and salivary glands from such 
monkeys and found them to contain high 
concentrations of group B substance. By 
carrying out similar tests on other species 
of monkeys, these investigators were able 
to show that Landsteiner’s rule for the 
A-B-O blood groups holds in monkeys and 
gorillas as well as in chimpanzees and 
human beings, except that in the former 
species the reciprocal relationship between 
antigens and isoantibodies exists only be- 
tween glands (or secretions) and serum, 
rather than between red blood cells and 
serum. 

Wiener (’38) examined the blood cells 
of chimpanzees for their content of M and 
N agglutinogens. He found that some anti- 
M and anti-N reagents reacted with chim- 
panzee cells as well as with human red 
blood cells, while other similar reagents 
reacted exclusively with human red cells. 
Thus, he was able to demonstrate the 
existence of at least two different kinds of 
M factors, namely, factor M, present in 
human M agglutinogen but absent from 
chimpanzee blood and factor M,, present 
in chimpanzee blood as well as human M 
blood. Some rabbit immune anti-M sera 
proved to be of specificity anti-M,, others 
of specificity anti- -M,,, while still others 
contained a mixture of anti-M, and anti- 
M,,, aS proved by absorption experiments. 
A parallel situation was found to hold for 
the N factors. In fact, the blood of all the 
chimpanzees tested by Wiener proved to 
have both the factors M,, and N,,. When 
these investigations were ‘extended to other 
primates (Landsteiner and Wiener, 737), 
it was possible to demonstrate the exist- 
ence of at least 5 different M factors in the 
human agglutinogen M, and a step-like 
evolution of the M agglutinogen from lower 
monkeys to man could be shown (Wiener, 
’43). In fact, an anti-M reagent suitable for 
typing human red blood cells was prepared 
by immunizing rabbits with cells of rhesus 
monkeys, and it was these experiments 


ALEXANDER S. WIENER AND EVE B. GORDON 


which led to the discovery of the Rh facto) | 
(Landsteiner and Wiener, 40). 

From this review, it is clear that the red 
blood cells of chimpanzees contain an ag? 
glutinogen or agglutinogens similar to bui 
not identical with the human agglutino. 
gens M and N. In the present paper, we«j 
propose to present further observations or 
the M-N factors of chimpanzee red blood 
cells, with special reference to the use 0) 
seed agglutinins for such studies. In addij 
tion, further observations on the A-B- 
groups will be presented with special refers 
ence to the subgroups of A, and the secre4 
tor types. 


MATERIALS AND METHODS 


The blood of each of the 14 chimpanzeeg| 
was identified by a distinctive name as well 
as a number. The serum was separatec 
from each blood sample by centrifugation 
and saline suspensions of the red blocc 
cells were prepared. Each cell suspensicn 
was centrifuged, the supernatant fluid dis: 
carded, and the sedimented cells were res 
suspended in enough normal saline solu) 
tion to make a 2% suspension. Simile 
once washed saline suspensions of stand 
ard cells were prepared from fresh blooo 
of human individuals of known groups O! 
Ai, As, and B, as well as of types M, N ange 
MN. 

For determining the A-B-O groups, pote 
anti-A and anti-B sera of human origit 
were used, which had been prepared fro 
sera of volunteers who had been immu 
nized by intra-muscular injections of co 
mercial A and B blood group substances: 
Because of their high titers, these ser 
could be used in dilutions at which th 
heteroagglutinins for chimpanzee red celll 
were not active. This obviated the us¢ 
of anti-A and anti-B reagents prepared b) 
immunizing rabbits, such as were recom 
mended by Landsteiner, and had also beer 
used by the present authors in previou: 
investigations. For subgrouping group 
blood, an anti-A, reagent was used whic} 
had been prepared by absorbing the serung 
of a selected group B donor with A; cells 
In addition, an extract of Dolichos biflor 
seeds was used (Kriipe, 56), which has 
kindly been provided to us by Dr. Roy 
Fiske. A number of anti-M (lot numbert 
M43 and M4) and anti-N (lot numbem 


by 
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(N50, N10 and N105) reagents were avail- 
jable, which had been prepared by immu- 
inizing rabbits with human type M and type 
WN blood, respectively, and suitably ab- 
‘sorbed to remove the species specific ag- 
Wglutinins (Wiener, ’43). A human anti-M 
¥serum was also used which had been ob- 
"tained from a type N patient who had 
become sensitized by blood transfusions. 
WExtracts of Vicia graminae seeds, kindly 
provided by Dr. Franz Ottensooser, which 
Wave potent and specific reactions with 
‘human red cells having agglutinogen N 
(Ottensooser, 53) were also used in the 
ipresent investigation. Moreover, the origi- 
al anti-U serum was still available 
Wiener, Unger and Gordon, 53) and was 
fused in the present study at a dilution 
iving strong clumping of human cells. 
} The chimpanzee red cells were tested for 
their agglutinogen content by mixing a 
drop of red cell suspension with a drop of 
the appropriate antiserum on a Boerner 
itwell slide. The mixtures were rotated on 
a shaking machine for 10 minutes, and the 
liteactions then recorded. In other experi- 
iments, a series of doubling dilutions of the 
antiserum was prepared, and a drop of 
teach dilution placed in the corresponding 
(lube of a series, and to each tube was 
iladded a drop of the cell suspension of the 
thimpanzee blood being examined. The 
areciprocal of the highest dilution of anti- 
aerum giving a one plus reaction was re- 
weorded as the titer of the serum for the 
tells, and where no tube showed a one plus 
meeaction the titer was estimated by inter- 
spolation. Similar titrations were carried 
aput with the serum of each chimpanzee 
(against human red cells of groups O, A:, 
diz, and B, in order to determine the titer 
sof the isoagglutinins in the chimpanzee 
pera. These titrations were set up in dupli- 
tate, and to the tubes of one set were added 
gt drop of a 10% buffered saline solution 
af gum acacia (Wiener, Wexler and Hurst, 
449). In this way two titers were obtained, 
@ne in saline solution and the other in 
wecacia. 
i) The saliva specimens were collected 
jitom the chimpanzees while they were 
! nder ether anesthesia. (One of the chim- 
panzees, Queenie, was dead at the time 
Anat the saliva specimens were collected, 
aut specimens were obtained from all of 


303 


the remaining 13 chimpanzees.) In cases 
where the flow of saliva was inadequate, 
injections of small amounts of physo- 
stigmine were given. The tubes containing 
the saliva were placed in boiling water for 
10 minutes in order to inactivate the en- 
zymes. After this had been done by Dr. 
Maitland Baldwin of the Branch of Neuro- 
surgery of the National Institute of Neuro- 
logical Diseases and Blindness in Bethesda, 
Maryland, the specimens were forwarded 
to the authors in New York City by special 
delivery mail. Most of the specimens ar- 
rived in good condition; there were a few 
in tubes in which the saliva had apparently 
dried, and to each of these 5 drops of saline 
were added in order to reconstitute the 
saliva. The salivas were then tested for 
their group substances by the quantita- 
tive inhibition technique as described by 
Wiener (’43) and by Wiener, Gordon and 
Evans (’58). 

To insure complete objectivity of all 
findings, the tests were set up by one of 
us (E.B.G.) while the other (A.S.W.) read 
the reactions blind. In this connection, 
we wish to acknowledge the assistance of 
Mrs. D. McSee, Miss L. Hinds and Miss P. 
Ryan, who also helped in setting up the 
various tests. 

RESULTS 


A-B-O groups. The results of the tests 
on the chimpanzee blood for the A-B-O 
groups are shown in table 1. None of the 
blood suspensions of the 14 chimpanzees 
reacted with the anti-B serum, while 12 of 
the 14 bloods were agglutinated by the 
anti-A serum. Accordingly, 12 of 14 chim- 
panzees appear to belong to group A while 
two are group O. This corresponds well 
with Landsteiner and Miller’s original re. 
sults, since they found 11 group A and 
three group O among 14 chimpanzees 
tested. In previous studies by Wiener and 
Wade (’45) on 10 chimpanzees, 9 proved 
to be group A and one group O, while in a 
study by Wiener, Gavan and Gordon (’53) 
7 chimpanzees proved to be group A and 
one group O. Thus, the present authors 
have tested a total of at least 32 chimpan- 
zees, of whom 28 were group A and 4 were 
group O. To date, no chimpanzee of group 
B or group AB has been found. 

When our results are combined with 
those in the literature, among a total of 
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TABLE 1 | 
A-B-O groups of 14 chimpanzees 


Reactions! of 
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| 


Titers! of chimpanzee sera 


with human cells in 


A-B-O __ || 
Blood of x _ aan = Saline Acacia PR pete || 
. =: c¢) Ai Age B (0) Ai Ao B if 
himpanzees 
: Ce _ — (0) NPA) fs} (¢) 180 180 500 oO 
2. Evelyn sR ar - 0 9) 4 (0) (0) (0) 32 A | 
3. Sampson ++ _ (0) 0 (0) S (0) (¢) (0) 80 A 
4. Jerry ++ — 0 0 O 0 (0) 0 (0) 3 A 
5. Cindy SE Se — (0) Oo.60U60°0# ail (0) (0) (0) 44 A i 
6. Queenie ++ _ (0) Oo O 4 (0) (0) (0) 80 A 
7. Bike ++ — (0) Oo 6060 14 (0) (¢) (0) 160 A 
8. Patch ++ — 0 0 Oo 14 0 0 6) 180 A 
9. Tiny ++ — 0 0 O 6 (0) 0 (0) 60 A 
10. Lady apie s = Onin Otis i) i) 0 180 AB 
11. Georgie ++ - 0) Oo O 6 (¢) (0) (0) 160 A | 
12. Baldy mos = Ox SOF acsdd ) 0) 0 180 A i 
13. Dotty ++ — (0) (0) 0) 5 (0) 0 (¢) 120 A i| 
14. J.B. — — (¢) 12 1 16 0 80 2 500 Oo 
Controls: 
human cells 
Ai =e - 
Aso ++ ames 
B —- ++ 


1 The strength of the reactions is indicated by the number of pluses, three plus (+++) represeril 
ing the strongest reaction possible (one large clump). The titer in units is the reciprocal of the higheg 
dilution of the serum giving a one plus (+) reaction with the test cells. 


124 chimpanzees, there were 109 (or 
87.9% ) group A and 15 (or 12.1% ) group 
O. Therefore, if p and r represent the fre- 
quencies of genes I‘ and I°, respectively, 
p=65.2% and r= 34.8%, in these 124 
chimpanzees (Wiener and Wexler, ’58). 
The grouping reactions on the chimpan- 
zee red cells were confirmed by testing the 
chimpanzee sera for their isoagglutinin 
content. None of the chimpanzee sera 
clumped human group O cells, indicating 
that any heteroagglutinins which might 
have been present in the sera were not 
active under the conditions of the test. As 
expected, the sera of all 12 group A chim- 
panzees clumped human group B cells but 
not human group A cells. However, there 
was considerable variation in the titers of 
isoagglutinins, ranging from no reaction 
in saline medium to a titer of 14 units. In 
acacia, the titers were consistently higher, 
the lowest titer being only three units and 
the highest 180 units. The sera from the 
two group O chimpanzees reacted with 
human group A as well as group B cells, 
and in both chimpanzees the anti-B titers 
were higher than the anti-A titers. More- 


over, as has been found in human being} 
(Wiener and Unger, *55) the isoantibod 
titers of the sera from the group O chin 
panzees are significantly higher than thos 
of the group A chimpanzees. Althoug 
further tests were not done, it seems like} 
that the serum of Iris (Chimpanzee no. 
in table 1) contains anti-C as well as ant 
A and anti-B (Wiener, ’53). 
Subgroups of A. In our previous studi¢ 
on the subgroups of A of chimpanzee 
only anti-A: reagents of human origin hé 
been used. The weak reactions obtaine 
were difficult to interpret because of tH 
possibility that such antisera might als 
contain weak heteroagglutinins for chim 
panzee red blood cells. The fact that th 
present series of chimpanzees included tw 
of group O made possible a controlle 
study of the subgroup reactions. In ada 
tion to human antisera, extracts of see¢ 
of Dolichos biflorus were available whic 
give strong reactions with human sui 
group A; cells. To reduce the chance ‘ 
error the tests for the subgroups of A we? 
carried out by the titration method, 
cause titration tests give more reliable n 
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TABLE 2 


Results of subgroup tests on chimpanzee 
red blood cells 


Titers of 
human 
anti-A1 
¢ seed 


Titers of 
extract of 
seeds of 
Dolichos 
biflorus 
for cells 


Blood 


Blood of group 


vhimpanzees 
1. Iris 
2. Evelyn 
3. Sampson 
4. Jerry 
5. Cindy 
6 
7 
8 


oooo 


. Queenie 
. Bike 
. Patch 
9. Tiny 
10. Lady 
. Georgie 
/ 12. Baldy 
1 13. Dotty 
14. J.B. 


Vontrols (Human 
cells ) 


LhHORTWORUARNOANO 


“ 
to 
ooo; ou 


= 
coo; co0oo0oo0oco0oecoo 


rPO| OPPPPrrPPPrrProd 


wv 


jults than one tube agglutination tests. 
he results obtained are shown in table 2. 
) The human anti-A; serum had a titer of 
10 units for human subgroup A; cells. 
wthis antiserum failed to agglutinate the 
iehimpanzee group O cells, showing that it 
ieontained at most only negligible amounts 
(f heteroagglutinins. The serum, however, 
selumped the cells of all the group A chim- 
ybanzees, but the titers for these cells were 
jpignificantly lower than for human sub- 
wroup A; cells. These titers averaged about 
t units or about one-fifth the titer for hu- 
faman A: cells. (The titers for cells from in- 
#lividual chimpanzees ranged from 2 to 6 
units, but such variations are within the 
wimits of error of the titration method.) 
i he extract of Dolichos biflorus seeds had 
a titer of 10 units for human subgroup A: 
. bells, but failed to agglutinate any of the 
j@roup A chimpanzee bloods under the con- 
ditions of the tests. 
J One may conclude from these observa- 
jions that group A chimpanzees belong to 
da subgroup intermediate between the hu- 
"man subgroups A: and A:, corresponding 
to the so-called subgroup A:,2 in man. Sub- 
jxoup A1,2 occurs most frequently among 
4Negroes, and is much less common among 
aucasians, and has not been found in 
4Mongolians (Wiener, ’53). 
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Secretor types. The results of the quan- 
titative inhibition tests on the saliva of the 
chimpanzees is shown in table 3. At the 
time that these specimens were collected, 
one of the chimpanzees, Queenie, was 
dead, but all the remaining 13 chimpan- 
zees were tested. As can be seen from the 
table, the saliva from all the group A chim- 
panzees strongly inhibited the anti-A and 
anti-H reagents, but not the anti-B reagent. 
The saliva from the two group O chimpan- 
zees inhibited the anti-H, but not the anti- 
A or anti-B reagents. Thus, all 13 chim- 
panzees tested are secretors. It is of inter- 
est to note that the inhibition titers of 
chimpanzee saliva are about the same as 
those of human secretor salivas. Also, as 
in the case of human saliva, group O 
saliva inhibits anti-H to a higher dilution 
than group A saliva. 

M-N types. For the direct agglutina- 
tion tests for factors M and N we fortu- 
nately had available exceptionally potent 
anti-M and anti-N reagents prepared from 
immune rabbit sera. As shown in table 4, 
the blood cells from all 14 chimpanzees 
were strongly clumped by both these re- 
agents. As it has been pointed out in 
previous papers (Wiener, 743) this does 
not prove that all chimpanzees belong to 
a type MN identical with the human type 
MN. If, in chimpanzees, the M-N types 
were inherited as in man, the frequency 
of type MN (blood with both factors M 
and N) could not exceed 50 per cent. Ob- 
viously, a population could not remain 
100 per cent type MN, because when two 
type MN individuals mate, they produce 
25 per cent type M, 25 per cent type N and 
50 per cent type MN offspring. These 
results therefore mean that the blood cells 
of chimpanzees have an agglutinogen or 
agglutinogens different from the human 
agglutinogens M and N, though having 
blood factors in common with both the 
human agglutinogens M and N. As Wiener 
has pointed out, the number of blood fac- 
tors characterizing each agglutinogen is 
unlimited theoretically, and the number 
actually found depends largely on one’s 
enterprise and ingenuity in searching for 
and finding antisera of new specificities 
(Wiener and Wexler, ’52). Thus, as 
Wiener and Landsteiner have demon- 
strated, and as will be seen also from the 
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results of the present study, comparative 
tests with anti-M and anti-N on the bloods 
of lower primates prove that the human 
agglutinogens M and N are each charac- 
terized by a multiplicity of blood factors. 

For example, as shown in table 4, the 
anti-M reagent of rabbit origin used has 
a significantly higher titer (about 20 units) 
for human type M and type MN blood 
than for chimpanzee blood (average titer 
only 7 units). In contrast, the anti-M 
reagent of human origin, which was used 
in our experiments, has a lower titer for 
human M blood than for chimpanzee 
blood. Obviously, therefore these two re- 
agents must detect different blood factors 
of the human agglutinogen M. Moreover, 
in previous studies Wiener (738) had 
shown that it is possible to prepare certain 
anti-M reagents which fail to clump chim- 
panzee blood cells at all. Similarly, as 
shown in table 3, certain anti-N reagents 
prepared from immune rabbit sera react 
with almost the same titer with chimpan- 
zee blood as with human containing ag- 
glutinogen N, while other anti-N reagents 
fail to clump chimpanzee blood cells at all. 

The results up to this point demonstrate 
that blood cells from all chimpanzees have 
blood factors in common with both human 
agglutinogens M and N. In chimpanzees, 
however, these blood factors could be sero- 
logical attributes of a single agglutinogen 
rather than of two agglutinogens as in 
man. The chimpanzee M-N blood type 
may therefore be designated as (MN), 
to indicate its similarity to human blood 
of type MN, and at the same time to em- 
phasize the differences. 

The most unexpected and interesting 
results were obtained in the tests carried 
out with reagents prepared from Vicia 
graminae seeds. For these tests, two ex- 
tracts of different potencies were used, 
and, as table 3 shows, the two sets of read- 
ings gave parallel results. The blood cells 
of 7 of the 14 chimpanzees were strongly 
clumped by this reagent, while the other 
7 blood samples failed to react. Obviously, 
therefore, the extract of Vicia graminae 
seeds detects a different kind of N factor 
from that detected by the anti-N immune 
rabbit sera. The results indicate that only 
about 50% of the chimpanzees tested 
share this factor with the human agglu- 
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tinogen N. Such chimpanzees may ]} 
assigned the symbol (MN;)“, while chin} 
panzees lacking the Vicia graminae bloo| 
factor N may be assigned the symbip 
(MN:)%. t 
In an earlier study by Levine, Otte 
sooser, Celano and Pollitzer (’55), it wif 
found that the blood of 4 of 13 chimpai 
zees gave reactions with extracts of Vic# 
graminae seeds comparable to those | 
human blood with agglutinogen N, whi 
9 failed to react. Combining the two seriif 
the total becomes 27 chimpanzees (jf 
whom 11 are type (MN:)™ and 16 aiff 
type (MN.)%. Assuming that these | 
types of blood are determined by cory 
sponding allelic genes, L’ and L’, then tl 
frequency in this small series of 27 ching 
panzees of gene L’? = V 16/27 = V0.592 
= 0.77 or 77%, and the frequency of geri 
L' = 0.23 or 23%. ; 
The blood cells of the 14 chimpanzee 
were also tested with anti-U reagent px 
pared from the serum of the original ca’ 
reported by Wiener et al. (754). This re: 
gent detects a blood factor U related to tk 
M-N system. The factor has been fou 
in the blood of all Caucasians tested, b» 
absent from 1.2% of Negroes tested } 
New York City (Wiener, Unger and Cohe: 
54). Bloods lacking the factor have bee 
found to be most frequent in Africa, a 
as Greenwalt et al. (54) have shown 
bloods lacking the blood factor U also lac 
both the factors S and s of the M-N| 
system. As shown in table 3, the blooe 
of all chimpanzees failed to react wi 
the anti-U serum and since they therefo 
lack factor U, they might perhaps be e 
pected also to lack factors S and s. 


DISCUSSION 


As has been pointed out, approximate: 
88 per cent of the chimpanzees tested bo 
long to group A and 12 per cent to grou 
O. Moreover, tests on their saliva indica' 
that all or almost all chimpanzees a 
secretors. The titration experiments 
chimpanzee sera described in this pap 
indicate that in group O chimpanzees 
isoagglutinin titers are higher than i 
group A chimpanzees, just as in ma? 
This suggests that when a group O fema: 
and a group A male chimpanzee matt 
they might have offspring with A-B 
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»molytic disease. Indeed it is conceiv- 
wle that occasional neonatal deaths or 
yen stillbirths or miscarriages in chim- 
zees could be traced to this mecha- 
sm, as in man (Wiener, Freda, Wexler 


action against heterozygotes, 
lading to the loss of equal numbers of 
genes in each generation. Over 
period of thousands of generations, this 


if. Wiener, 42). This raises the question 
i) how the distribution p= 65.2% and 
W= 34.8% was attained by the pres- 
t chimpanzee population. The explana- 


#zainst heterozygotes. For example, isola- 
‘on, inbreeding, migration, famine, acci- 
sents, and epidemics can bring about 
maanges in gene frequencies in a single 
jeneration, which this weak selective ac- 
ypn against heterozygotes would require 
,ousands of generations to achieve. 

4 Unfortunately, few blood grouping tests 
ave been carried out on other anthropoid 
ses. As already mentioned, Landsteiner 
nd Miller tested a single gibbon and 
sund him to belong to group A. The 
jesent authors had an opportunity a few 
ars ago to test the blood of a gibbon 
yjad found him to belong to group B. The 
\bactions of this gibbon’s blood was in 
very way comparable with human blood 
group B. In addition, as already men- 
joned, Landsteiner and Miller found 
mong 6 orang-utans, two group A, three 
‘coup B and one group AB. The total 
dumber of these apes tested to date is 
Il too small to permit any final conclu- 
ons as to the A-B-O distribution in gib- 
pns and orang-utans. 

Judging from the results of the A-B-O 
ists, among the anthropoid apes, gorillas 
e the most remote from man. In gorillas, 
‘he A-B-O blood group cannot be deter- 
ined by testing the red blood cells, be- 
‘huse as has been pointed out, the group 
Hecific substances are lacking from the 
‘bd blood cells and are present only in the 
4 gans and secretions. As shown by 
Viener, Candela and Goss, a similar situa- 
‘lon obtains in the lower monkeys, namely, 
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monkey red blood cells fail to clump in 
anti-A and anti-B sera, but there is a recip- 
rocal relationship between the isoagglu- 
tinins in serum and the blood group sub- 
stances in the organs and secretions. One 
may infer from these results, in conformity 
with other evidence, that of the anthropoid 
apes gorillas are most closely related to 
the lower monkeys, while chimpanzees are 
most closely related to man. 

As has been demonstrated, the blood 
cells of all group A chimpanzees gave re- 
actions intermediate between those of hu- 
man subgroups A; and As. Moreover, all 
chimpanzees appear to lack the blood 
factor U. Among humans, Africans have 
the highest incidence of blood with these 
characteristics. It is of interest to point 
out that, as will be shown in the second 
paper, the reactions of chimpanzee blood 
with Rh-Hr antisera more closely resemble 
those of blood from Negroes than those of 
Whites and Mongolians. In order to fore- 
stall any false implications from these 
findings, the present authors suggest the 
following interpretation. Since Negroes 
and chimpanzees are both geographically 
located in Africa, they have been sub- 
jected to the same environment, and this 
would tend to favor the survival of similar 
mutations. The occurrence of such paral- 
lel mutations does not imply, however, the 
existence of any closer zoological relation- 
ship than exists between albino rabbits 
and albino human beings. 

The blood grouping reactions indicate 
that chimpanzee group O blood resembles 
human group O blood more closely than 
human group A blood resembles human 
group O blood, and, similarly, there is a 
closer resemblance between chimpanzee 
group A blood and human group A blood, 
than between human A and human O or 
B. Therefore, an initial transfusion of 
chimpanzee group O blood would probably 
be better tolerated by a group O human 
recipient than human group A blood. Such 
a transfusion of chimpanzee blood, how- 
ever, would probably sensitize the human 
recipient against agglutinogens which all 
chimpanzee blood cells share and which 
are lacking from human blood cells. As 
a result, there would be an increase in the 
titer of the species heteroagglutinins for 
chimpanzee blood cells, so that a repeat 
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transfusion of chimpanzee blood could 
give rise to a severe hemolytic reaction. 
While this experiment has never been 
carried out, Landsteiner and Levine (’32) 
have carried out reverse experiment, 
namely, they have transfused chimpan- 
zees with human red blood cells. Three 
chimpanzees immunized in this way pro- 
duced immune heteroagglutinins with 
titers for human cells of 1280, 640 and 
320 units, respectively. When the sera of 
the immunized chimpanzees were matched 
against one another’s red blood cells, 
clumping was observed in certain combi- 
nations, indicating the existence of indi- 
vidual differences among their red cells. 
Landsteiner and Levine remarked that 
with the use of these antisera, after ab- 
sorption with human red cells to remove 
heteroagglutinins, comparable individual 
differences were observed by them in hu- 
man red cells, independent of the A-B-O 
blood groups. These experiments were 
done in 1932, before the Rh factor was 
discovered, and it would be worthwhile 
to repeat them at the present time, be- 
cause with the knowledge and techniques 
which have since been acquired such ex- 
periments might lead to the discovery of 
hitherto unknown blood factors in human 
blood. 

The results of the M-N tests indicate 
that the blood of all chimpanzees contain 
M-like and N-like blood factors, confirming 
the previous reports Wiener (’43). Tests 
with seed extracts of Vicia graminae show 
that there are at least two kinds of agglu- 
tinogens in chimpanzees. Thus, this re- 
agent, which in man shows no differences 
among blood samples having the N blood 
factor, in chimpanzees unexpectedly dem- 
onstrates the existence of individual blood 
differences. Recently, seeds have been 
found (Allen, 59), which have lectins ap- 
parently specific for human cells having 
agglutinogen M. It is planned to test chim- 
panzee blood with such lectins, and such 
studies may throw further light on the 
M-N types and the mechanism of their 
hereditary transmission in chimpanzees. 


SUMMARY 


1. Of 14 chimpanzee bloods tested, 12 
proved to be group A and two group O. 
When these findings are combined with 
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the results of previous studies by the pre: 
ent authors and by others, there is a toti 
of at least 124 chimpanzees that hay 
been tested to date, of whom 109 wer 
group A and 15 group O, giving the gen 
frequencies, p= 65.2% and r= 34.8% 
The blood cells of all the group A chir 
panzees gave reactions resembling thos} 
of the human intermediate subgroup Au, 

2. The isoagglutinin titers of the tw 
group O chimpanzees proved to be signi 
icantly higher than those of the 12 grou} 
A chimpanzees. This suggests that ma 
ings between group O females and grou/ 
A male chimpanzees might give rise 1 
A-B-O hemolytic disease, as in man. 

3. Saliva from 13 of the 14 chimpanzee 
were tested for their content of blog 
group substances. All 13 chimpanze¢ 
proved to be secretors. 

4, All chimpanzees have both M and ™ 
like blood factors. However, in tests wit 
anti-N lectins, prepared from Vicia gran 
inae seeds, the blood cells of only 7 of ti 
14 chimpanzees were clumped while th 
blood cells of the other 7 chimpanzee 
failed to react. Thus, two sharply define 
M-N types can be distinguished amon 
these chimpanzees, to which the symbo) 
(MN:)“ and (MN.)™ have been assigne¢ 
None of the blood specimens from the If 
chimpanzees were agglutinated by anti-! 
serum. 

5. Judging from the results of the A-B- 
tests, of the anthropoid apes chimpanzee 
appear to be most closely related to ma 
while gorillas give reactions indicatin 
that they are most distantly related to ma: 
and most closely related to monkeys. 

6. Immunization experiments with hv 
man red blood cells on chimpanzees migH 
lead to the discovery of new blood facton 
in human red cells. 
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L. J. RAY 


| The work of Benington (711) and its 
‘ater amplification by Tildesley (’21) pro- 
jided a technique for the measurement of 
ranial contours. This technique was used 
y Wagner (’37) in his study of the Oce- 
yJnic Races and (with some modifications ), 
y Wunderly (’43) in his study of the 
Keilor Skull. The present work records 
heasurements made on both male and 
emale aboriginal skulls collected from a 
elatively localized area in the south east 
‘£ Australia. 

} Contour tracings, and the measure- 
‘nents which can be obtained from them, 
fermit not only an accurate portrayal of 
ine size and shape of the skull in different 
lanes, but also an assessment of any 
‘symmetry which may be present. 


MATERIAL AND METHODS 


} The material used was from the Murray 
jlack Collection in the University of Mel- 
lourne (Sunderland and Ray, °59) and 
jontour tracings were made on 101 male 
Ind 101 female skulls. The only selection 
if the material other than numerical was 
jn the basis of the physical condition of 
he skull, those damaged or unduly deli- 
ate being rejected. Sex was determined 
y reference to the pelvis. 

Tracings were made in three planes, 
bytical or transverse, horizontal and 
gittal, each mutually at right angles and 
| ith the skull fixed in the Frankfurt plane. 
jonsiderable care was necessary in fixing 
jhe skull in its position in the kubus and 
Ince fixed it was not shifted until all the 
facings were completed. 

} In order to fix the skull in the Frankfurt 
jiane, the three basic points of reference 
ere marked using the criteria advocated 
i7 Buxton and Morant (’33). The clamp 
jas then attached to the occiput and with 
hte kubus resting on a flat surface, the 
kull was adjusted until the two poria and 
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the left orbitale were in the same horizon- 
tal plane. It was also necessary to ensure 
that the two poria were in the same coronal 
plane. The position of the skull having 
been fixed and checked the tracings were 
made by the aid of a scriber. On comple- 
tion of the tracings the position of the skull 
was rechecked to ensure that no shift in 
position had occurred. 

Vertical or transverse contour. With 
the face downwards, the point of the 
scriber was brought up to the left porion. 
The pencil was then allowed to touch the 
paper and make its tracing while the 
pointer was moved around the skull until 
it reached the right porion. In this way a 
tracing was obtained through the skull in 
the plane of the poria at right angles to the 
Frankfurt plane. 

Horizontal contour. The kubus was 
placed on the tracing table with the base 
of the skull upwards and the horizontal 
contour taken through the glabella and 
parallel to the Frankfurt plane. As pointed 
out by Buxton and Morant (’33) the 
glabella is not a point capable of precise 
definition but is often an area. In order 
to reduce error to a minimum the most 
anterior point between the supraciliary 
eminences was taken but if this were pres- 
ent as an area the mid-vertical point of 
this area was taken as the glabella. 

Sagittal contour. It is in obtaining this 
contour that considerable variations in the 
techniques of different workers are found. 
Benington stated that the skull was “ad- 
justed so that the nasion, the bregma and 
the lambda lie in the same horizontal 
plane.” That this is not always possible is 
shown by Tildesley’s admission that once 
the plane was fixed it was not always fol- 
lowed. In fact she altered the position of 
the pointer so that it passed through the 
points of reference whether these were in 
the sagittal plane or not. 
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This method was also followed by Wag- 
ner but not by Wunderly who maintained 
the skull in the Frankfurt plane and ob- 
tained the sagittal contour at right angles 
to that. In the present study the mid- 
porial point was marked on the vault of the 
skull and the kubus then placed so that the 
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pointer set to the height of the interport 
point, the sagittal contour was then « 
tained. y 

It is felt that this method of tracing ti 
sagittal contour is better than that ady 
cated by Tildesley, in that all three pla 
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Fig. 2 Measurements taken on the horizontal contour, 
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jare obtained with reference to the Frank- 
furt plane and mutually at right angles. 


RESULTS 


The tracings for the three contours were 
}treated in accordance with the methods 
jlaid down by previous workers and the 
measurements taken are indicated in fig- 
ures 1, 2 and 3. 

It is important to remember that in the 
‘vertical contour, the line MA will not neces- 
ijsarily cut the vault at the apex. In the 
horizontal contour the line FO was drawn 
along the mid-porial plane and was not 
obtained by reference to any other bony 
jlandmarks. 


DISCUSSION 


| In the vertical contours there is remark- 
lable similarity to the results found by 
Wagner in his group from South Australia, 
q here being a difference exceeding one mil- 
flimeter in only two measurements. This 
as also apparent in the horizontal con- 
ours, in less than half the measurements 
4 here being a difference in excess of one 
imeter but in no case did this exceed 

wo millimeters. In the sagittal contour 
agner’s figures for the South Australian 


Fig. 3 Measurements taken on the sagittal contour. 


group are consistently lower than those in 
this series, which lies in an intermediate 
position between Wagner’s South Aus- 
tralian and Total Australian groups. 

Keilor. In the vertical contours, the 
Keilor Skull (Wunderly, ’43) exceeds the 
mean of the present measurements in all 
but one (A%4) and is close to or exceeds 
the maximum in 7 out of 13 measure- 
ments. In the horizontal contour Keilor 
again exceeds the mean in all but one 
measurement (10) but exceeds the maxi- 
mum in only two measurements. In the 
sagittal contour Keilor exceeds the mean 
in all but three measurements (O, M4, 
G'4 ) but does not exceed the maximum in 
any. It must be remembered, however, 
that the maximum quoted for each meas- 
urement is not found in any one skull and 
although there are several skulls of about 
the same size as Keilor, none exceeds it 
in all measurements. Keilor must be con- 
firmed as a large skull although its meas- 
urements are not consistently beyond the 
range of variation for the males in this 
collection. 

Sex differences. In the vertical con- 
tours the mean for the female was less 
than that for the male but the range in all 
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ases showed a considerable overlap. In 
the horizontal contours the mean for the 
female exceeded that for the male in one 
measurement (F%4) but in all others the 
male was greater. There is again a con- 
siderable overlap in the range of variation. 
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In the sagittal contour one measurement 
in the female exceeded that for the male 
(O) but in the remainder the male was 
the greater. The overlap in the range of 
variation was considerable. 


TABLE 3 
Sagittal contours 
Male Female 
Range Mean S.D. Range Mean S.D. 
N-G 167-199 182.6 5.7 165-188 176.0 4.6 
(0) 15-45 27.7 6.6 15-43 27.8 6.2 
NZ 23-54 38.7 6.3 26-52 38.9 5.8 
1 45-70 57.8 4.6 46-72 56.2 4.3 
2 59-82 70.2 4.4 60-81 67.6 4.0 
3 67-91 77.8 4.8 67-85 74.2 3.8 
4 68-96 81.9 4.7 70-90 78.0 3.9 
5 68-97 83.2 4.7 70-92, 79.3 4.0 
6 71-95 81.9 4.4 70-92, 78.4 4.0 
74 64-90 77.3 4.6 65-86 74.2 4.1 
8 52-81 67.9 5.2 52-76 64.5 4.4 
9 29-68 48.3 5.9 33-56 44.7 4.9 
GY 12-47 23:2 5.9 9-44 Sal 6.1 
TABLE 4 
Vertical contours 
Male Female 
Left Right Left Right 
greater Equal creator eects Equal Gentes 
MY, 37 43 ol 48 38 15 
2 40 32 29 39 38 24 
3 35 25 41 46 28 27 
4 35 24 42 50 23 28 
5 36 15 50 49 21 31 
6 42 18 41 50 20 31 
7 45 17 39 54 18 30 
8 37 16 48 52 7 32 
9 32 a?/ 52 47 13 41 
10 50 17 34 57 10 34 
AYy% 55 14 32 74 4 23 
TABLE 5 
Horizontal contours 
Male Female 
Right Left Right 
opie Equal eeonter pene Equal greater 
FY%4 46 10 45 53 ue 41 
Fi2 51 15 35 48 12 41 
2 40 5 56 50 8 42 
3 43 11 47 55 14 32 
4 40 13 48 58 14 29 
5 28 10 63 32 20 49 
6 13 16 72 22 14 65 
7 16 12 73 24 12 65 
8 23 13 64 32 15 54 
9 41 17 42, 41 16 44 
10 50 13 38 49 alyé 35 


318 TAA 


It is interesting that both the measure- 
ments in which the mean for the female 
was the greater were the most anterior 
measurements taken. 

Asymmetry. If each skull is perfectly 


symmetrical with reference to the poria the 
right and left sides for each measurement 
will always be equal. It would, however, 
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Fig. 4 Frequency distribution of the lateral differences in the vertical contour 
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be surprising if such were the case and 
tables 4 and 5 show the results. 

These tables show the number of cases 
for each measurement in which there was 
a difference, but not the degree of such 
difference. The frequency distribution off 
such difference is shown in figures 4 andi 
5 where those showing a greater measure-| 
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nent on the left side are to the left of zero 
tnd those with a greater measurement on 
e right side to the right of zero. 


SUMMARY 


1. Contour tracings in the vertical, hori- 
jontal and sagittal planes were made on 
101 male and 101 female Australian Abo- 
ifiginal skulls. 

2. Measurements were made on these 
jeacings in accordance with the principles 
tlined by previous workers. 
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Fig. 5 Frequency distribution of the lateral differences in the horizontal contour. 
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3. Comparisons have been instituted 
with Wagner’s work on Australian skulls 
and also with Wunderly’s results on the 
Keilor skull. 

4, An indication of the asymmetry of 
the skulls has been given. 


ACKNOWLEDGMENTS 


I would like to express my thanks to 
Professor Sunderland for his encourage- 
ment during this study and also to Mr. 


320 ity do 


A. C. Bakker for his assistance with the 
calculations. 


LITERATURE CITED 

Benington, R. C. 1911 Cranial type contours. 
Biometrika, 8: 123-201. 

Buxton, L. H. D:; and G. M. Morant 1933 The 
essential craniological technique. Roy. Anthrop. 
Inst. Great Brit. and Ireland, 62: 19-47. 

Sunderland, S., and L. J. Ray 1959 A note on 
the Murray Black Collection of Australian 


RAY | 


aboriginal skeletons. 
71: 45-48. i 
Tildesley, M. L. 1921 A first study of tk 
Burmese skull. Biometrika, 13: 176-262. | 
Wagner, K. 1937 The craniology of the Ocea 
races. Skrifter Utgitt Av det Norske Videnskapj 
Akademi 1 Oslo. 
Wunderly, J. 1943 The Keilor fossil il 
Anatomical description. Mem. Nat. Mus., Mej 
bourne, 13: 57-69. Hl 


Proc. Roy. Soc. Victoriii 


P. Thieme. 


Studies broadly concerned with relating 
biological man to the major facets of his 
environment while controlling ethnic and 
bther factors are sufficiently rare to be con- 
idered pioneering researches. As a pio- 
neering study, Thieme’s biological survey 
of the Puerto Rican people is the more re- 
markable because it was carried out over 
12 years ago when the trend toward inte- 
grated human studies was just getting 
nder way. Yet the study date of 1948 also 
orecludes the newer nutritional, radio- 
Braphic, body composition, and serological 
techniques so fruitfully used in more re- 
‘pent studies. Nevertheless, Thieme has 
reached some very important and clear- 
sut conclusions which bear witness to ex- 
eellent concept of problem, sampling, and 
analysis, and to techniques and methods 
mostly well suited to their tasks. 

| The Puerto Rican sample consists of 
8,562 adults (1913 males, 1649 females) 
drawn in proportion to the distribution of 
the total population of 2,211,000. In addi- 
tion to the anthropometry, the Puerto 
Rican Department of Public Health pro- 
fvided individual interview data on diet, 
lood chemistry, physiology, and intestinal 
‘parasite studies. All these data are sorted 
¥nto 7 ecological or geographic regions, 
8 ethnic categories, and 4 gross nutritional 
‘plasses. With the foregoing as background, 
ome of the important conclusions are as 
Follows. Racially the Puerto Ricans are 
made up of Negro and White elements, to 
an extent intermixed but at the same time 
ept partly separate by assortative pheno- 
ftypic mating. Negroids are more concen- 
' rated on the coast, particularly in the 


northeast, while inland areas are more 
ite. Blood genes B and R. (cDe) are 
jnigher in frequency in the more Negroid 
regions, but only R. and skin color bear 
ignificant x? associations. Higher inci- 
lence of shovel-shaped incisors in the 
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156 pp., 138 tables, 76 graphs. 
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older and more White Puerto Ricans of the 
inland regions probably bears witness to 
greater yesteryear admixture with Indian 
aborigines. Within the same ecological set- 
ting, Whites are small in body size as com- 
pared with their parental population, but 
the Negroids show no such reduction. The 
only clue offered as explanation of this size 
differential is the somewhat better die- 
taries of the few Negroid families in a sup- 
plementary study of food intake in 36 
families spread over 6 regions. This is 
rather shaky evidence, and an explanation 
in terms of greater body size potential for 
Negroes in hot climates (C. S. Coon, The 
American Naturalist, 89: 263, 1955) would 
seem preferable. 

Nutritional status is considered to be 
the major cause of anthropometric vari- 
ability, even over race. But nutrition ap- 
pears to have differential effects on differ- 
ent bodily segments—the greatest diminu- 
tion in the poorer nutritional classes being 
in trunk height, and the least in lower arm 
length. The latter may be affected by the 
racial factor. It would have been interest- 
ing if the anthropometry had included 
lower leg measurements which might have 
shown high nutritional differential. And 
the various girths could well have been 
given the logarithmic treatment, since, as 
Brozek and others have suggested, they 
should show strong nutritional differences. 
Nutrition is probably the most important 
factor influencing dental health, although 
it is strange that relatively superior nutri- 
tion appears to increase resistance to caries 
in anterior teeth but decrease it in pos- 
terior teeth. These close relationships of 
nutrition to phenotype are particularly re- 
markable in view of the grossness of the 
nutritional classes abstracted from Lydia 
Roberts’ survey and the quite risky use 
of the interview to determine class. In 
Roberts’ study the use of milk intake as one 
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of the important determinants of nutri- 
tional class seems rather at odds with 
Latin American food habits. And the sup- 
plementary 36 family food intake study 
covering 6 ecological regions is admittedly 
an inadequate sample, and could be very 
misleading. Intake of nutrients in this 
supplementary study are gauged by NRC 
standards, whereas the somewhat lower 
INCAP requirements are more realistic for 
Latin Americans. Presumably the per- 
centages of the NRC standards that were 
attained by the Puerto Rican families were 
adjusted for sex, age, body weight, degree 
of activity, and ambient temperature, but 
it is not so stated. 

The helminth and protozoan rate is high 
at 84% in 961 subjects, and is not signifi- 
cantly related to race, nutritional status, 
physiology or blood chemistry except for 
lower eosinophil counts in hookworn posi- 
tives. Part of the lack of association may 
be due to the fact that adults usually have 
“made peace” with their unwelcome guests; 
part may be attributed to the necessarily 
gross groupings of helminth and protozoan 
positives and negatives, and some varieties 
of both parasites have clinically incon- 
sequential effects under most any circum- 
stances upon their hosts. White cell counts 
are lower in individuals of marked Negro 
ancestry, suggesting reduced foci of in- 
fections. Yet the lower hemoglobin levels 
in the more Negroid groups, as well as the 
lower nutritional categories, make it ap- 
parent that there is some unknown and 
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The 14 essays in this collection were fur- 
nished by the courtesy of Dr. G. F. Debets 
to Dr. Henry Field in complementation of 
the latter’s publications in the same field. 
Despite the statement of authorship, how- 
ever, the 8 additional “contributors” turn 
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possibly epidemiological factor in opera 
tion. 
PTC testings were done with actual crys3 
tals and hence give no indication of taste 
thresholds. Non-tasters ran 13.3% i 
males, 10. 3% in females, and hence incl 


tems of the Puerto Ricans have been re 
ported on elsewhere in extenso (Am. Jour: 
Human Genetics, 4:2, pp. 94-112). In: 
consistencies in testing resulted in discar 
of all 3,079 MN and 1,200 Rh determina 
tions. This was the only major failure of 
the Puerto Rican survey, and has happenec 
to a larger number of serological studies 
than is usually recognized. 

In the reviewer’s opinion, Thieme’s sur: 
vey of the Puerto Rican people is a rea 
landmark in human biology, and its re 
sults assume an importance beyond majo} 
criticism. Anchored to this 1948 study, 
resurvey in a few more years would pay 
rich scientific dividends resulting princii 
pally from the careful planning and execu 
tion of the basic study. As one who in th 
late 1940’s was only thinking about inte 
grated studies in human biology, the re: 
viewer has nothing but admiration fox 
Thieme and his coworkers who took thei 
thoughts into the field situation and ac: 
complished signally successful research 
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out to be co-authors, as the table of con: 
tents shows: | 
I. Anthropological Composition of the 
Population of the Caucasus: V. V. Bunak: 
II. Craniology of the Caucasus: M. Gi 
Abdushelishvili. 


“III. Preliminary Data on the Anthro- 
ological Investigations of the Georgian 
eople: A. N. Natishvili and M. G. Ab- 
jushelishvili. 


th VI. ee eee Investigations in 
: G. F. Debets. 


i; the Nationalities of Daghestan: N. N. 


td VII. Anthropology of the Avars: M. §S, 
Ykimova and M. A. Bulatova. 
Ix. Anthropological Type of the Lez- 


} X. The Eastern Kazakhstan Expedition, 
4952: S. S. Chernikov. 

XI. Method and Program of Study of 
en: Characters in a eeesy 


Ind the tables that implement them cover 
1e somatoscopy, somatometry, blood 
groups (mostly ABO, with pqr), dermato- 
ilyphics, and PTC reactivity of the living 
eoples; there are also ethnographic re- 
harks and, occasionally, racial characteri- 
jations. The latter elaborate within what 
6 essentially the system of Yarkho. (For 
nis system, consult Y. Y. Roginskiy and 
M. G. Levin, Osnovy Antropologii, Mos- 
1955" diso V. V. Bunak--M-—F. 
ilesturkh and Y. Y. Roginskiy, Antropol- 
giya, Moscow, 1941.) Articles II, V, X, 
II are archeological; II and XII supply 
franiometric data. The techniques are 
yssentially those of Martin. 

The collection treats the peoples of the 
aucasus more copiously than any others; 
Ind understandably, in regions heavy with 
thnic history there is the complicated 
roblem of recovering the stratifications 
at time has patterned. Some synthesis 
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of linguistic, cultural-archeological, and 
bioanthropological data is attempted, as 
may be gleaned from the following (pp. 
13-14): 

“The diverse relations of the Caucasus 
with the southern provinces, including the 
western and eastern parts, furnish the 
key to the understanding of the very im- 
portant and diversified characteristics of 
Caucasian languages, and for the presence 
of suffixes and prefixes in these languages 

. Ushakov assumes that, ‘one should 
look in the toponyms of ancient Caucasia 
for features of similarity with Lydian- 
Aegean names,’ as, for example, the name 
of the Kuban River . . . New archeological 
investigations furnish valuable material 
for the classification of ancient cultural 
relations of the various Caucasian prov- 
inces . . . The wide participation of the 
western element in the formation of an- 
cient Caucasian types . . . was not less 
ancient than the influences of eastern cen- 
ters of Asia Minor, Mesopotamia and Elam 

. the latter is more evident in the 
central highlands of Transcaucasia, for 
example, the painted pottery of Kzyl-Vank 
closely resembles the Elam motifs . 
Limiting oneself to these few facts, the 
most recent ethnographic, linguistic and 
archeological data agree fully and permit 
distinction of the ancient stages of the 
ethnogenesis of the Caucasus. The follow- 
ing facts have been established: 1. A com- 
mon ancient ethnic sub-stratum extending 
throughout the greater part of the Cau- 
casus, particularly in its western and 
central districts. Remnants of this stratum 
are preserved to the greatest extent in the 
present Adighe languages. 2. A somewhat 
distinct ancient stratum in the south- 
eastern part of Transcaucasia, the lin- 
guistic traces of which have not been 
preserved up to the present or are not 
known. 3. The expansion of another cul- 
tural element, the pre-Georgian, in a later 
period (? Bronze Age) from the area be- 
tween the Chorokh and Araks, which took 
root in western Transcaucasia and pene- 
trated into parts of North Caucasus. 
4. The migration of the final element, 
connected with eastern Anatolia, from the 
Van and Zagros areas to eastern Trans- 
caucasia where it became established. 
Subsequent stages of cultural-historical 
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interrelations already fall into the histor- 
ical period . . . The picture of the most 
ancient ethnogenesis of the Caucasus, 
drawn in this manner, harmonizes fully 
with the results of anthropological anal- 
ysis, and in confirming the correctness of 
it, obtains in this analysis an essential 
foundation. The most ancient general 
Caucasian stratum, the residual group of 
which is constituted by the present Adighe 
nationalities, was represented principally 
by the Pontic race, which is preserved 
even today with comparatively little 
change in the northwestern Caucasus. 
The Caspian race corresponds to the other 
ancient ethnic formation of the southeast, 
which is represented in the present Tats 
and Azerbaidzhanis, whose ethnic type is 
subjected to essential linguistic changes... 
(etc.) In the light of these data, the dif- 
ference between the anthropological types 
of the Western and Eastern Caucasus be- 
comes understandable, a difference which 
is preserved until the present time, par- 
ticularly in the distribution of blood 
groups, in some cranial characters, in the 
shape of the face, and in the development 
of hair growth ... At present, racial areas 
are considerably larger than ethnic, and 
cut across the boundaries of the latter in 
a most arbitrary manner. It cannot be 
otherwise, since the anthropological areas 
are much more stable, and reach further 
back into the distant past than the con- 
temporary ethnic groups . . . It is clear 
that the basic strata which formed the 
conglomeration of Caucasian types... 
were subjected during centuries to diverse 
modifications, general as well as local 
facies, on the basis of the interrelation of 
basic elements and their development in 


EVOLUTION OF THE SPEECH APPARATUS. By E. Lloyd du Brul. XII + 103 
pp. Charles C Thomas, Springfield, Illinois. 


This little book contains numerous in- 
teresting and useful data, particularly re- 
specting the interrelations of posture, cra- 
nial structure, and morphology of oral 
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isolated regions .. .” Tables of means fc | 
several anthropometric quantities, bloox} 
types, and modes of somatoscopic chai 
acters, by ethnic groups, are assembled & 
evidence from various investigators. ) 

Were Russian physical anthropology 
familiar to Americans, a limited review aj 
a limited selection of articles would ru: 
small risk of promoting misappraisa! 
Understandably, the samplings that con 
stitute this collection are a kind of short 
hand—they abbreviate their evidence an: 
assume a good deal of antecedent back 
ground on the part of the reader. No 
the less, the English-reader is liable t 
unease when confronted with hardly mor 
than means of metric and modes of quali} 
tative characters of populations as thi 
basis for conclusions about race. (THI 
cephalic index, for instance, carrie 
greater weight than it would to an Amery} 
ican raciologist.) Assessments are 4 
rived at apparently without a consider 
tion of variance. 

Still, it would be less than justice fo 
this review to permit the notion that Rus 
sian anthropologists are unaware tha 
theory, method, and technique of raciolog 
persist in an unsatisfactory condition. Ii 
article XI Bunak calls for greater precisio» 
of somatoscopic techniques, a minimu 
set of 12 (8-10, at another place) somata 
scopic characters, more extensive an 
skillful use of photography. 

The translating, though often stilted 
usually is adequate in conveying the mean 
ing of the Russian original. 


Eart W. Count 
Department of Anthropologs 
Hamilton College 

Clinton, New York 


1958. $4.75. 


cavity, pharynx and larynx in a number 
primates, lagomorphs, and a bird. Te 
much of the book, however—in fact, abc 
one-third—is devoted to subjects whidl 


lave no real bearing on the problem—such 
“Ys the origin of life, invertebrates, and ir- 
‘slevant aspects of various vertebrates. 

The author believes that assumption 
ff the erect, bipedal posture produced 
anges in the cranio-pharyngeo-laryngeal 
{pparatus which were the prime factors in 
_jae evolution of speech. Strangely, except 
‘pr presentation of cell counts for the 
resencephalic nucleus of the trigeminal 


Merve in a baboon, two chimpanzees, and 
LNG 
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a man, there is virtually no consideration 
of the brain. The reviewer, however, re- 
tains his conviction that the prime agent in 
the evolution of articulate speech has been 
the brain, particularly the cerebral cortex, 
and that the peripheral structures dealt 
with in this book have been essentially 
subservient and modificatory factors in 
that process. 


WILLIAM L. Straus, Jr. 
Johns Hopkins University 


PROCEEDINGS 
of the 


TWENTY-SEVENTH ANNUAL MEETING 


OF 


THE AMERICAN ASSOCIATION OF 
PHYSICAL ANTHROPOLOGISTS! 


The 27th annual meeting of the Association was held in 
Cambridge, Massachusetts, Thursday through Saturday, 10- 
12 April, 1958, by invitation of the Department of Anthropol- 
ogy, Harvard University. 

The affairs of the meeting were conducted in five sessions 
for scientific papers, the annual business meeting, the annual 
dinner, a Wenner-Gren supper conference, and a public lecture. 

Following the annual dinner Thursday evening at the Hotel 
Continental a special program arranged by President Cobb 
on ‘‘Physical anthropology and modern life’’ presented 
four addresses: (1) ‘‘The present, an hour of destiny for 
physical anthropology’’ by President W. Montague Cobb. 
(2) ‘‘Our giants of yesteryear’’ by Wilton M. Krogman. 
(3) ‘Functions of a teaching museum in modern society’’ 
by William E. Scheele, Director of the Cleveland Museum 
of Natural History. (4) ‘‘Physical anthropology and modern 
life’? by the Honorable David B. Karrick, Commissioner of 
the District of Columbia. 

Following the Wenner-Gren supper at the Harvard Faculty 
Club Friday evening, the meeting moved to the Lamont Forum 
Room, Lamont Library, where a lively discussion on ‘‘ Current 
physical anthropology”’ led by Sol Tax was opened with ‘‘An 


2 Prepared by J. N. Spuhler and type set in 1959; edited by T. D. Stewart in 


1961. 
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appraisal of the status and needs of physical anthropology”’ 
by Harold H. Plough. 

For the first time in a number of years the Association 
sponsored a public lecture in connection with the annual 
meeting. T. D. Stewart, on this occasion, gave the first public 
presentation of the new Neanderthal skull from Iraq. 

The Executive Committee of the Association held its regu- 
lar annual meeting the evening of April 9, 1958. The business 
of the 27th annual meeting was conducted in two sessions: 


BUSINESS MEETING, APRIL 10, 1958 


The minutes of the 26th annual meeting were approved as 
printed (AJPA, n.s., 15: 421-453, 1957) with the proviso that 
attention be called to the error on page 429 regarding the 
date of the present meeting. 

President Cobb announced the following appointments to 
committees: Nominating Committee (1959): (Record incom- 
plete). Viking Fund Award Committee (1958-1959) : Carleton 
S. Coon, F. Clark Howell, William W. Howells, Frederick S. 
Hulse, Wilton M. Krogman, E. Carl Sensenig, and Mildred 
Trotter, Chairman. Auditing Committee (1958): C. Loring 
Brace and James A. Gavan, Chairman. Resolutions Com- 
mittee (1958): (Record incomplete). Time and Place of An- 
nual Meetings (1959): Frederick S. Hulse, Neil C. Tappen, 
and Stanley M. Garn, Chairman. 

Dr. W. W. Howells was appointed representative of the 
Association to the 5th International Congress of Prehistoric 
and Protohistoric Sciences, Hamburg, August 24-30, 1958. Dr. 
T. D. Stewart was appointed representative of the Association 
to the 33rd International Congress of Americanists, San José, 
Costa Rica, July 20-27, 1958. A representative of the Asso- 
ciation to the Council of the AAAS for the term ending 
December 31, 1960, is to be appointed by the President. 
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The following new members were approved by the Ex- 
ecutive Committee on April 9, 1958 and were elected to mem- 
bership by unanimous vote: 


George A. Agogino Ross A. McFarland 
Fred H. Allen, Jr. Ernst Mayr 

William Barton Peter H. Ovenburg 
Hermann Bleibtreu Demarest Polacheck 
William E. Edwards Francisco M. Salzano 
Donald H. Enlow Viken Sassouni 
Elizabeth A. Fanning H. Wade Seaford 
Jaakko Kihlberg Howard W. Stoudt, Jr. 
Warren Kinzey Sol Tax 


Robert A. Littlewood 


We regret the loss by death of two members during the 
year: Prof. James W. Papez, Columbus, Ohio, and Dr. Elihu 
Leon Schuman, Lexington, Massachusetts. 

The current membership of the Association is 438. There 
were 84 members in 1930, 153 in 1942, 300 in 1952, 404 in 1956, 
and 419 in 1957. 

The Report of the Treasurer, and that of the Auditing Com- 
mittee presented by James A. Gavan, were approved. The 
Treasurer noted that the Prudence Bond which provided a 
belated income during the fiscal year 1957-1958 of $2.30 was 
not included in the Treasurer’s report for 1956-1957 because 
it had been redeemed prior to that fiscal year. 


REPORT OF THE TREASURER — FISCAL YEAR 1957-1958 


Operating Account: 
Bank balance on April 1, 1957: 


Ann Arbor Bank, State Street Office .............. $4,749.65 
Receipts: 

Annual membership dues including subscriptions .... $2,163.00 

Annual membership dues without subscriptions ...... 6.00 

Postage paid by foreign members ................ 22.50 

American Society of Human Genetics, 1957 program .. 89.11 

Interest, Prudence Bond——< 2.0.02. 2. ese ee nee 2.30 2,282.91 


$7,032.56 
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Expenditures: 

Program, (1907. ae imeyrie kepee ene ere ett een $ 146.78 

Program, 1958 Vengo aee ee eee neor i ree 91.67 

Postage. 2 se .ceck seit eta cnec arse etoneaerone dete et ener teene 44.96 

Bank *eharge: Hasek tee ee eeetee ere eee 25 

Letterheads) and jenvelopes: 32. ...secr- rt re 52.53 

Scroll. for; Dr Pej08 nastier eee ee erie 50.00 

Cheek; returned {i445 sasriee soles everett terete 7.42 

Wistar Institute, subscriptions and postage ........ 1,566.00 1,959.61 
Bank balance on April 1, 1958: 

Ann Arbor Bank, State Street Office ................ 5,072.95 

$7,032.56 


Investment Account: 
U. S. Savings Bonds, Series F, purchased June 9, 1949 


(current redemption value $1,748.00), maturity value ........ $2,000.00 

U. S. Savings Bonds, Series J, purchased May 8, 1956 
(current redemption value $3,675.00), maturity value ........ 5,000.00 
$7,000.00 


Audited and found to be correct 

April 10, 1958 

James A. GAVAN 
©. Loring BRACE 

Auditing Committee 
Respectfully submitted, 
J.N. SPUHLER, Treasurer 
April 10, 1958 


Russell W. Newman invited physical anthropologists trav- 
elling in the Boston area to visit the anthropological facilities 
of the Quartermaster Research and Development Command, 
Natick, Massachusetts. 

The Report of the Editor was presented by William S. 
Laughlin. The current delay in publication of the AJPA is a 
result of installation of new press equipment at the printing 
plant of The Wistar Institute of Anatomy and Biology. It is 
the hope of the Institute and the Editor that publication of 
the Journal will soon return to its regular schedule. W. M. 
Krogman reported that Dr. Hilary Koprowski, the new Direc- 
tor of The Wistar Institute, and Dr. Edmond J. Farris, Direc- 
tor of Research, have indicated their continuing interest in 
the Journal. The association expressed its thanks to S. L. 
Washburn, the retiring Editor, for his devoted service and to 
The Wistar Institute for its long support of the Journal. In 
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response to a query by Russell W. Newman, it was pointed 
out that income from advertising in the Journal is paid to The 
Wistar Institute and not to the Association. F. Clark Howell 
was appointed Associate Editor of the AJPA to replace 
T. D. McCown. 

President Cobb reported that the Viking Fund Award Com- 
mittee for 1957-58 had chosen Raymond A. Dart and that the 
medal had been presented to Prof. Dart at the annual dinner 
of the Wenner-Gren Foundation in New York on March 7, 
1958 (see this Journal, n.s. vol. 16, no. 2, pp. 235-239). On this 
oceasion the Association joined with the American Anthro- 
pological Association and the Society for American Archae- 
ology to present a scroll to Dr. Paul Fejos, Director of 
Research, Wenner-Gren Foundation for Anthropological Re- 
search, in appreciation for his long devotion to anthropology 
and anthropologists. 

President Cobb clarified the status and working procedures 
of the Viking Fund Award Committee of the AAPA. This 
committee is appointed by the President of the Association 
and usually consists of seven members including three former 
medalists with the most recent medalist who is a resident of 
the United States as Chairman. The Committee reports its 
nomination for the Viking Fund Award to the Executive Com- 
mittee of the Association. The President of the Association 
then transmits the name of the nominee of the Association to 
the Foundation. 

Russell W. Newman reported that the National Research 
Council Committee on Physical Anthropology is continuing 
its negotiations with the National Mail Order Association for 
a nation-wide anthropometric survey for clothing size in- 
formation. 

T. D. Stewart will make arrangements for a session on 
physical anthropology during the annual meeting of the Amer- 
ican Anthropological Association, Shoreham Hotel, Washing- 
ton, D. C., November 20-23, 1958. 

President Cobb reported that the Executive Committee had 
rejected for the immediate future the suggestion that the 
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Executive Secretary of the American Anthropological As- 
sociation keep the books and take care of the billing and mail- 
ing of the AAPA at a cost of one dollar per member per year. 
Until such time as the Secretary-Treasurer finds that he is 
overworked by association affairs it seems better to use the 
$400 required by the suggested arrangement for other As- 
sociation needs. We are nonetheless appreciative of the kind 
offer of the AAA in this connection. 

Paul T. Baker and William J. L. Felts reported on a possible 
successor to the defunct PA Newsletter. A survey conducted 
by members present at the meeting showed that all but four 
of 86 members were in favor of some form of news letter. A 
motion was carried to have a news letter for a one year trial. 
President Cobb appointed Baker and Felts editors of the 
Newsletter. 

Stanley M. Garn reported for the Committee on Time and 
Place of Annual Meetings. The 28th annual meeting will be 
held in Madison, Wisconsin, probably on May 14-16, 1959, at 
the invitation of the University of Wisconsin. The 29th an- 
nual meeting will be held during the Spring of 1960 in Wash- 
ington, D. C. on the invitation of Howard University. 

The Report of the Resolutions Committee was moved ac- 
cepted. The report expressed the gratitude of the Associa- 
tion to the officials and faculty of Department of Anthro- 
pology, Peabody Museum, the Lamont Library, and the 
Faculty Club of Harvard University for their part in making 
facilities and services available to us. It was resolved that 
the association give grateful thanks to Clyde Kluckhohn, 
chairman of the Department of Anthropology, Prof. John O. 
Brew, Director of the Peabody Museum, and Prof. William 
B. Ernst, Jr., Director of the Lamont Library, and to William 
W. Howells and Edward KE. Hunt, Jr. for their contributions 
to a successful meeting. It was further resolved that the 
Association thank Dr. Paul Fejos and the Wenner-Gren Foun- 
dation for their continuing support of biological anthropology 
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both here and abroad and Dr. Hilary Koprowski and Dr. 
Edmond J. Farris of the Wistar Institute for their friendly 
assistance to our Journal and Association. The Association 
extended its most sincere sympathies to the bereaved families 
of the late Prof. James W. Papez and Dr. Elihu L. Schuman. 

The business meeting was recessed at 4:05 p.m. until 11: 30 
a.m. the following morning. 


BUSINESS MEETING, APRIL 11, 1958 


The second session of the annual business meeting was 
called to order by President Cobb. The resignation of J. N. 
Spuhler as Secretary-Treasurer was accepted; Spuhler plans 
to be in Japan during the first 10 months of 1959. Dr. Edward 
E. Hunt, Jr., Peabody Museum, Harvard University, Cam- 
bridge 38, Massachusetts, was elected Secretary-Treasurer to 
take office effective the Summer of 1958. 

The following motion was passed unanimously: 

“‘That the Secretary be instructed to write to Mr. William 
E. Scheele, Director of the Cleveland Museum of Natural 
History, expressing the appreciation of the AAPA for his 
informative after-dinner talk and especially his assurance that 
the Todd Collection of primate skeletons will be kept intact, 
maintained and made available for scientific research, since its 
further deterioration or disposal would be a scientific calamity. 
Furthermore, that the Secretary be instructed to emphasize 
that this collection is of particular importance to physical an- 
thropologists and comparative anatomists for studies of mor- 
phological variations, owing to its unparalleled size and 
broad scope, and that it could not be duplicated under present 
conditions.”’ 

The scientific sessions of the meeting included the following 
papers: 

1. Serology and nomenclature of the blood groups, and their importance for 
physical anthropology. Alexander S. Wiener, Office of the Chief Medical Examiner 
of New York City. 


No abstract. 
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2. Blood grouping in anthropology. Technical aspects with particular refer- 
ence to the field laboratory. Fred H. Allen, Jr., Blood Grouping Laboratory of 
Boston. 


There are now more than 50 different human red-cell blood-group factors that 
ean be tested for with specific antiserums. The majority of these should be used, 
if possible, in any work on previously untested populations. Not only is the 
anthropological value of the test much greater when many serums are used, but 
the new population may provide valuable data regarding the inheritance of the 
blood groups, particularly when whole families can be tested. The problem of 
reagents is so critical, and the technical difficulties are so formidable, that the 
tests should be undertaken only by an established laboratory. 

In 1956 we set up a complete blood grouping laboratory in the Peruvian Andes 
at 10,000 feet, and tested over 500 Indians. There were some troubles that could 
have been avoided. The most serious problems were the distance from the home 
supplies, and the great expense of transporting and setting up the field laboratory. 
In spite of some real advantages of the field laboratory, it would usually be 
advisable to ship samples by air to the home laboratory. 


8. Blood group systems in Latin American Indians. Marshall T. Newman, 
Division of Physical Anthropology, U. S. National Museum. 


Comparisons of F. H. Allen’s determinations on 8 blood group systems in 
435 Vicos Quechua Indians with those of other Latin American series provides 
several clear-cut generalizations: (1) Blood type A was probably aboriginal in 
Latin America, and not wholly introduced by Europeans and others, because 
subtype A, is virtually lacking in 7 Indian series thus far tested. The A,/A, 
ratio is about 1: 5 in Europeans and 1: 8 in Mestizos, but 1: 114 in these Latin 
American Indians — the same as in North America where most type A is con- 
sidered aboriginal. In the northern continent the gene frequency of A is > .04 
in relatively unmixed Indians, whereas south of the Mexican border it is < .04 
and in South America appears restricted to the Andean area. The 11 Tropical 
Forest Indian series in eastern South America completely lack types A and B, 
as may have been the case in eastern North America as well. The hypothesis de- 
veloped here is that gene A was carried by migrations from its center in western 
North America through Mexico and down the Andes. The coincidence of this 
distribution with the spread of high culture at the Formative level suggests 
that gene 4A was carried from Mexico by migrations to the Andean area 4,000- 
5,000 years ago. (2) The ratio of type B to A in 34 Latin American Indian 
series with both genes is at least one-third higher than in Europeans. This 
is more than can be explained by hybridization alone, especially since A was 
probably already present. Furthermore the highest B/A ratios in large and 
representative series are from areas of early and extensive colonization by 
Europeans. Since the Indian populations first receiving gene B have it in greatest 
relative proportions, there is a possibility of the same sort of selective action 
suggested by Birdsell for native Australians and in many other areas of the world 
where B seems to be a recent introduction. (3) In viewing the MN system, the 
highest and lowest M frequencies occur mostly in small series, suggesting errors 


PROCEEDINGS 335 


of sample. Moreover, recalculation of gene frequencies by the probably more 
accurate VN method clarifies the distribution of M frequencies and reveals that 
most Mexican and Middle American Indian series have a mean range of .74-.83, 
as in North America, but most South American Indians series have a lower mean 
range of .61-.74. (4) In the Rh system, all 9 Latin American Indian series have 
R, (CDe) frequencies over .50, while most North American Indians are less 
than .50. Exceptions are the Ute, ‘‘Dieguefio,’’ and Pima close to the Mexican 
border. Inaccurate appraisals of gene R, (cDe) give it a 10% frequency in most 
Indians, whereas judging by the presence of the pure phenotype (ecDee) in only 5 
Indian populations, R, may be frequently absent. Since neither eeDee nor ecddee 
has occurred in South American Indian series, it is impossible to differentiate R, 
from r among them. 


4. The distribution of ABO blood group and secretor phenotypes in infertile 
couples and among infertile males. John Buettner-Janusch, 8S. J. Behrman and 
F. P. Thieme, University of Michigan. 


Preliminary report of an extended study of infertility related to the ABO 
blood group phenotypes is presented in this paper. The first 82 infertile couples 
in the study are analyzed. Of the 82 infertile couples 74 are heterospecifie with 
respect to the ABO blood groups. That is, the husband in the mating carries an 
ABO erythrocyte antigen that is not present in the female. The female, thus, is 
capable of producing a specific antibody for the erythrocyte antigen of the male 
or fetus. Of these 82 couples 74 are heterospecific and 8 were homospecific. 
Seven other couples in heterospecific matings, and who were ‘‘ delayed fertilities’’ 
proved to have the following characteristics: there were 5 A males married to O 
females and 2 B males married to O females. These 7 matings had 9 children, all 
of blood group O. The frequencies of the ABO phenotypes in the couples were as 
follows: 33% A, 14% B, 30% O, and 23% AB. This is significantly different 
from the géneral population in the Detroit area. Secretor phenotypes were also 
tested. Of the 178 infertiles, 57% were non-secretors and 43% were secretors. 
The implications of these findings are discussed. 


5. ABO blood types of 100 pre-Columbian American Indians of the north 
Alabama region. Michael Charney, Hackensack, N. J. 


A series of 100 bones of Pre-Columbian American Indians of the North Alabama 
region were blood typed for the ABO factors using the Candela technique. Serum 
pools of human anti-A and anti-B were used at a working dilution of 1:12 for 
each throughout the entire series. No loss of antibody titre was noted, which 
phenomenon happened in the work on the Pre-Aleut material of Candela when the 
switch was made from single donor sera to pooled samples. Serum was protected 
with aqueous merthiolate at 1: 1000 and all dilutions made with sterile physiologi- 
cal saline. 

The bone material all came from vertebral bones and was ground to a fine powder 
for use. To two sterile tubes containing 0.3 grams of bone 0.75 ee of the 
diluted sera were added, Samples were refrigerated for from 15 to 24 hours and 
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frequently agitated. After centrifugalization, the clear supernatant was tested 
for residual agglutination with fresh erythrocyte cells. 

Results showed 10 specimens giving clear reactions for Type ‘‘A,’’ all definitely 
prehistoric according to the archaeological evidence (5,000 yrs. old). Dr. Snow 
felt that the Shell Mound specimens perhaps did not lend themselves to dry bone 
typing possibly due to acid or bacterial condition of the mounds obscuring the 
blood cell reaction. However, two specimens out of twenty from one site gave 
definite reactions for Type A. 


6. Blood type frequencies among the Hupa of northwestern California. 
Frederick S. Hulse, Department of Anthropology, University of Washington. 


(Read by title.) 


7. A comparative study of bone densities.1 Mildred Trotter, George E. Bro- 
man, and Roy R. Peterson, Department of Anatomy, Washington University 
School of Medicine. 


The densities (weight/volume) of the lumbar vertebrae and femurs from 80 
adult skeletons were determined. The skeletons were derived equally from Amer- 
ican Whites and Negroes of both sexes, each group with a wide age range. Weight 
was taken of the bones in a dry, fat-free state. Volume of each series of lumbar 
vertebrae and of each femur was measured by displacement of millet seed. The 
reproducibility of this method was compared with that of the methods of water 
displacement, of weighing the bone under water, and of weighing it under water 
after steps had been taken to evacuate trapped air from the internal bone struc- 
ture. The precision of the millet seed determination compared favorably with 
that by the most precise water method. 

It was found that femurs are significantly more dense than lumbar vertebrae, 
that the vertebrae, but not the femurs, are significantly more dense in American 
Negroes than in American Whites, that in neither race is there a significant sex 
difference, and that the density of both series of bones (except vertebrae in the 
Negro male group) decreases significantly with age at approximately the same 
rate regardless of race or sex. 


1 Supported by grant A-1013, USPHS. 
2 Summer Research Fellow. 


8. Studies on the relations between the tensile strength of human bone and 
osteon number and size. ¥. Gaynor Evans, Department of Anatomy, Wayne State 
University. 


Transverse sections of specimens of compact bone from adult human femurs 
and fibulas were studied by ordinary and polarized light. The number of osteones 
per square millimeter and the area (in sq. mm.) per osteon were related to the 
ultimate tensile strength, previously determined, of the specimen from which the 
section was obtained. A similar procedure was followed for the fragments of 
osteones in each section. Among the sections thus far analyzed those from the 
fibula are characterized by having a higher ultimate tensile strength (kg/mm?) 
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and larger (mm?) but fewer osteones per square millimeter than do sections from 
femoral specimens. The fibular sections also have larger (mm?) and fewer frag- 
ments per square millimeter than do femoral sections. Polarized light studies re- 
veal that the predominant direction of the collagen fibers in the fibular osteones 
and fragments is approximately parallel with the long axis of the bone and speci- 
men from which the section was taken as well as with the direction of loading in 
the tensile strength tests. In the femoral sections the predominant. direction of 
the collagen fibers was oblique or nearly perpendicular to the long axis of the 
bone and specimen and to the direction of loading, The methods used and the 
results obtained will be illustrated. The investigation is continuing. 


1 Supported by a Fulbright Research Scholarship to Italy (1956-57) and (in part) by a 
research grant (A-377 (C8)) from the National Institutes of Health. 


9. The fluorescence of human bone as viewed under short wave ultra-violet rays. 
Thomas W. McKern, Environmental Protection Research Division, QM Research 
and Engineering Command, Natick, Massachusetts. 


When most bone surfaces are exposed to short wave ultra-violet radiation, they 
react by reflecting a variety of colors. The wide range of color emission as well 
as the stable characteristics of these colors for the substances that emit them, is 
basis enough for attempting to apply these qualities to the segregation of com- 
mingled skeletal remains. 

After demonstrating the results of U-V exposure on a large sample of skeletal 
material, it is suggested that short wave ultra-violet lamps can be used in some 
instances for the accurate sorting of commingled remains. 


10. Bio-mechanical studies in skeletal organogenesis: Longitudinal compressive 
stress and the implanted immature long bone. James W. Monson and William 
J. L. Felts, Department of Anatomy, University of Minnesota. 


No abstract. 


11. The use of x-ray films of the hand and wrist as an aid in individual iden- 
tification. William Walter Greulich, Department of Anatomy, Stanford University 
School of Medicine. 


As seen in the x-ray film, the various bones of the hand and wrist show in- 
dividual differences in shape which are sufficient, in the aggregate, to distinguish 
the hand-film of one person from that of another. Beginning at the distal end 
of the radius and ulna and proceeding distally, the most useful of these features 
are: the size and shape of the styloid process of the ulna and the distal end of 
the radius; the shape of the individual carpal bones; the relative width of the 
cortex and the medullary cavity of the metacarpals; the individual differences in 
the outline of the inner margin of the cortex (i.e., the margin immediately 
adjacent to the medullary cavity); the differences in the shape of the individual 
phalanges; and, finally, the individual differences in the trabecular pattern of the 
various phalanges. 
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Our study of hand films which had been made on the same individuals at annual 
intervals over a long period of years disclosed that the features which we find 
useful in individual identification remain practically unchanged, at least during 
the period from early adolescence until well into the thirties, the age of the oldest 
man on whom such longitudinal data were available to us. There is no reason to 
believe that most, if not all, of these features do not persist throughout adult life. 

On about 500 of the subjects whom we x-rayed, we were able to obtain films 
of both the right and left hands. We found that there is sufficient similarity 
in the shape of individual bones in the two hands of most individuals so 
that a person on whom only one hand-film had been made could in most cases be 
identified from a film of his other hand. 


1 Supported by funds from the United States Army Quartermaster Research and Develop- 
ment Command (Contract DA 19-129-QM-816). 


12. A method of identification of war-dead by means of roentgenographic 
cephalometry.: Viken Sassouni, Graduate School of Medicine, University of Penn- 
sylvania. 


The problem posed by the Quartermaster Research and Development Command, 
United States Army, was: ‘‘ What are the five measurements in the head and face 
(as seen in the frontal and lateral x-ray films) which are the most variable, the 
least correlated, and the most reliable, that can be used for identification purposes? 
The mandible should not be included in more than one measurement. The test 
should be carried out on 500 adult males above eighteen years of age.’’ 

This study was conducted at the Philadelphia Center for Research in Child 
Growth. 

1. Four hundred and ninety-eight males were x-rayed twice with the Broad- 
bent-Bolton roentgenographic cephalometer; the first set represents the ante-mor- 
tem films (AM) and the second set the post-mortem films (PM). Two hundred 
and forty-eight were x-rayed in Philadelphia; seventy at the Bolton Fund, West- 
ern Reserve University; one hundred and twenty at the University of Illinois; 
and one hundred and ten at the National Institutes of Health. They represent 
grossly a cross-section of young adult American males. 

2. For various reasons but basically in order to obtain the greatest variability 
for the minimum error, and, at the same time, to avoid tracings, linear dimensions 
were selected as the method of measurement. 

3. Twenty-four measurements were selected on the frontal film. Large error, 
low variations, and duplications eliminated sixteen of them. The remaining eight 
measurements are: frontal sinus breadth, facial height, bigonial, cranial height 
(mastoid-apex), incision height, bizygomatic, bimaxillary, and maximum cranial 
breadth. 

4, Twenty-four measurements were selected on the lateral film. The remaining 
eight measurements are: height of the cranium 8 em. posterior, 4 em. posterior, 
just above, and 4 em, anterior to center of the sella turcica; facial height 
(Na-Me) ; cranial length along Nasion-Sella, 4 em. above, and 8 em. above. 

5. A table of correlation was computed among the sixteen selected measure- 
ments (eight frontals, eight laterals). From these sixteen the five best measure- 
ments in terms of high variability, low error, and low correlation were selected 
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by individual simultaneous computation. These five measurements are: length 
of cranium 4 em. above Na-S, sinus breadth, total facial height, bigonial and 
bizygomatic breadths. They are the most characteristic of the individuality of 
an adult male. 

6. Since four of the five selected measurements are from the frontal film, and 
in order to realize a 50% economy, an attempt was made to use only the frontal 
film for purposes of identification. 

7. A test was made to identify one hundred PM frontal films from 498 AM 
films. A special routine was written to permit location and neutralization of 
accidental errors. The test was conducted on a Univac machine. It took ten 
seconds for the Univac machine to locate the correct film out of 498 possibilities. 
Direct identification was made on 97%; 3% could be identified by direct com- 
parison with the remaining films. It can be stated, therefore, that the test of 
identification was 100% successful. 

8. Suggestions were made which, if adopted, may lead to: imereasing the 
standardization of the entire process; decreasing the errors; creating a mobile 
roentgenographic unit; initiating a longitudinal study of the growth of head and 
face in adults. 

9. In conclusion, identification can be realized with 100% accuracy. At the 
same time, the roentgenographic films gathered will constitute for medical and 
dental health units an invaluable source of information on one of the most vital 
areas of the human body. 


1 Supported by contract no. DA-19-129-QM-739, Mod. no. 1, Quartermaster Research and 
Development Command, U. S. Army. 


13. A comparative study of the sequence and time of appearance of maturity 
indicators in the hand in White, Negro and Chinese children in the U. 8S. 
William M. Bass III, Graduate School of Medicine, University of Pennsylvania. 


Hand x-ray films of 484 Negro school children, 242 males and 242 females; 85 
Chinese-American school children, and 128 white American school children, 59 
males and 69 females, were examined for differential skeletal maturation in re- 
lation to race. Answers to a two-fold problem were sought: 

I. Are there racial (genetic) differences in the skeletal age? 

II. Can American Atlases (Todd, Greulich-Pyle, ete.) be used to assess other 

groups (ethnic and/or racial) ? 

The Negro sample is drawn from two studies, the first by Richard A. Platt 
on 243 Negro school children, 143 from Philadelphia and 100 from Florida, rang- 
ing in age from 4:6 to 14:5. The t-test was used to determine whether there 
were significant differences between skeletal ages and chronological ages. The 
results indicate that skeletal ages were not significantly advanced or retarded 
with respect to chronological ages. 

The second Negro sample was based on hand x-ray films of 241 Philadelphia 
Negro school children. Mean deviations between chronological age and calculated 
skeletal age are felt, on the basis of the inspectional method, to fall within limits 
of normal variation for white children. Hand x-ray films of 85 Chinese-American 
school children have more irregularities than Whites or Negroes but the sample is 
too small for other valid conclusions. 
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On the basis of the data presented, it is felt that the skeletal maturation of 
American Negro children closely approximates that of American white children. 
The relation is so close that the establishment of separate skeletal age norms for 
American Negro children does not seem necessary. 


1The material on Whites, Negroes, and Chinese is mainly from the files of the Growth 
Oenter, and was gathered while we were aided by U.S.P.H.S. grants D-87 to D-87(C7). 


14. Trends in the evolution of the human neural skull: implications of an 
experimental study. Richard W. Young, Department of Anatomy, Columbia 
University. 


In order to test the relationship between intracranial contents and growth of 
cranial bones, an experimental situation was sought in which the skull vault could 
be studied following the increase or decrease in volume of intracranial tissues. 
It was found that experimental hydrocephaly and microcephaly were adequate tools 
for this purpose. 

Hydrocephaly was induced in kittens by intracisternal injections of a lamp- 
black suspension (Weed, ’22). Similar injections of a kaolin suspension (Griffith 
& Roberts, ’38) were sufficient to produce hydrocephaly in rats. Cranial contents 
were reduced in rats by puncturing the temporal region with a fine glass pipette 
connected to a water aspirator and withdrawing neural tissue by suction. Growth 
was allowed to continue for variable periods, after which the animals were 
sacrificed. 

Preliminary results indicate that the skull vaults of the small-brained animals 
were smaller, lower, flatter and thicker, with more mature sutures than the crania 
of large-vaulted littermates. The skulls of the latter group were not only larger 
and thinner, but also more globular in shape. 

The changes observed in the vault when intracranial contents were increased 
are similar to those which are believed by some students of human evolution to 
characterize the development of the hominid cranium during the Pleistocene. 
Consequently, these experiments support Weidenreich’s suggestion (’41, ’43) that 
an increase in brain volume may have been an important morphogenetic agent 
in the evolution of the human neural skull. 

On the other hand, a great many other factors are also known which modify 
the growth of cranial bones. These should be given due consideration in the in- 
terpretation of cranial form. 


15. Stereotaxie methods in craniocerebral measurement. H. Hamlin, Harvard 
Medical School. 


No abstract, 


16. A critical analysis of method in dental eruption studies. Albert A. Dahl- 
berg, Renée M. Menegaz-Bock, Zoller Memorial Dental Clinic and Department of 
Anthropology, University of Chicago. 


Population studies of tooth emergence have been subject to methods of data 
collection and analysis which are not comparable. The advisability of standardiz- 
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ing methods is discussed in order to make results more useful to research workers 
and clinicians. 

Consideration of sampling and measurement problems leads to the conclusion 
that cross-sectional studies are to be preferred over longitudinal studies of tooth 
emergence, primarily because the sampling can include much larger numbers 
of cases than is practical in longitudinal studies, Secondly, longitudinal studies, 
when compared to cross-sectional studies on the same populations, show consis- 
tently higher (older) estimates of eruption time. This is construed as the result 
of a bias in the longitudinal studies toward later estimation. In longitudinal 
studies the age at which the tooth is observed is grouped to the nearest class 
midpoint. Some of the observed ages of tooth eruption are added to, and others 
subtracted from. More properly, all of the ages ought to have subtracted from 
them one half of the examination interval, assuming uniformly distributed erup- 
tion during that period, because the observer always sees the tooth after it has 
erupted. This correction appears not to have been made in the longitudinal stud- 
ies in the literature. 

As measures of central tendency, the mean and the median estimate the same 
parameter if the distribution is normal. There is some evidence, however, that a 
few late emerging teeth tend to have a slight extension of the upper tail of the 
eruption distribution. Some of this may be due to delayed loss of deciduous teeth, 
extraction, or delayed puberty. The proportion of children so affected is probably 
small, one or two percent. The distribution for the remainder of the children ap- 
pears normal. 

From our experience in determining the eruption times of Pima Indians and 
comparing the results with other studies, we have the following suggestions: (1) 
For racial comparisons, fit the normal curve by probit analysis, censoring the 
distributions of the later teeth at about twelve years of age. Use the resulting 
median to compare groups and publish medians, standard deviations and standard 
errors of the medians. These figures reflect best 98-99 percent of typical cases. 
(2) For orthodontics and forensic anthropometry, fit the normal function to 
cross-sectional data to determine the probabilities that a tooth will have entered 
by a given age. For later teeth, censor the distribution and fit the normal function 
up to, perhaps, the 95 percent point. Fit the remainder of the curve empirically 
from whatever data is available. Publish the results as probability tables which 
will be directly useful to these workers. (3) The analysis of cross-sectional data 
for publication should be based on a maximum likelihood solution using a suitable 
distribution function (normal, logistic, etc.). Finney’s probit method is con- 
venient. For informal analysis, fitting distributions by eye using normal probabil- 
ity paper is recommended. 


17. Natural head position and prognathism. Coenraad F. A. Moorrees, and 
Martin R. Kean, Forsyth Dental Infirmary for Children, Boston. 


The head is in its natural position when the visual axis is horizontal, according 
to Broca (1862). A method was developed to take cephalometric radiographs in 
natural head position, the eyes looking in a mirror, the head unsupported, but 
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self-aligned to keep the distance between the midsagittal plane and film constant. 
A true vertical wire was placed directly in front of the cassette and reproduced 
on each film permitted registration of head position in space. Natural head 
position was remarkably constant in a group of 61 female students, examined 
twice with a one-week interval. The standard deviation of head position deter- 
mined by measuring the angles sella turcica-nasion and the vertical on each set 
of radiographs is 1.54 degrees, and the correlation coefficients of the angles SNV 
at the two examinations is + 0.85 + 0.04. The biologie variation of various 
reference lines in the cranium (S.D. ranging from 3.55 to 6.69 degrees) was 
greater than the variation in registration of head position (P < 0.01). The line of 
reference used in the analysis of cephalograms should reflect the orientation of the 
head in space. This can be accomplished only by a reference line outside the head. 
A vertical extracranial line was shown to be preferable for the study of prog- 
nathism to the routine use of such intracranial lines as the Frankfort Horizontal 
or sella turcica-nasion line. 


18. Study of dentofacial morphology in esthetic occidental Whites based upon 
anthropologic racial criteria, employing cephalometric radiography, photography, 
and casts of the dentition. Edward A. Lusterman, Fort Greene Health Center, 
New York City. 


This study was suggested by the fact that classification, diagnosis, and treat- 
ment planning in clinical orthodontics are intimately concerned with facial 
esthetics. The purpose of the study is to determine whether, in subjects with 
clinically excellent dentitions and good facial esthetics, definitive relationships 
can be established anthropologically, through seriation of subjects based on racial 
classification. 

The material consisted of 125 girls, between 12 and 18 years of age, selected 
from New York City schools, who conformed to the requirements of excellent oc- 
clusion and orthognathous faces. These were seriated in accordance with anthro- 
pologie standards, employing a table based upon Hooton’s use of non-adaptive 
physical criteria in racial determination. The results of this seriation are as 
follows: Armenoid 23, Alpine 43, Mediterranean 27, Nordic 32. Cephalometric 
roentgenology was employed to correlate hard and soft tissue detail, making pos- 
sible a study of the patterns of the facial skeleton, the denture, and the physiog- 
nomy,. Oriented profile and full-face photographs were taken. Casts of the teeth 
were made to study and classify types of arch form. 

At the time of this undertaking (1952) studies in cephalometrics were in the 
main confined to the skeleton and denture and failed to take into account con- 
siderations of soft tissue relationships, i.e., the nose-lips-chin components. The 
validity of Schadow’s canon, as employed by the plastic surgeon Maliniac, was 
also tested in the cephalometric appraisal. Orthodontic intervention may often be 
a great factor in the correction of morphological and postural aberrations, but 
it is essential to recognize that while patterns may be changed, the necessity to 
distinguish racial types should be a paramount consideration. 
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19. Studies in tooth formation.» S. M. Garn, A. B. Lewis, K. Koski and D. L. 
Polacheck, Fels Research Institute, Antioch College. 


Despite the vast number of dental radiographs taken in the past 50 years little 
definite information is available on tooth formation. The commonly-quoted Logan- 
Kronfeld norms fall short of the 5th and 95th-percentile range for contemporary 
Whites: standard pictorial charts make no allowances for sex differences. Actu- 
ally, the dimorphism in tooth formation is 3-5% comparable in magnitude to the 
sex difference in eruption. 

Correlating size, weight and measures of somatic and sexual maturation with 
various stages of calcification and eruption, two clusters emerge. Cusp, crown and 
root formation are positively but slightly correlated with size and maturity 
status. However, movement of the teeth from the alveolus to the occlusal level is 
moderately correlated with sexual maturation. These findings are consistent with 
clinical and experimental findings on the determinants of ‘‘eruption.’’ 

Twin and sibling studies suggest that the time of formation may be genetically 
determined in part, with correlations ranging from 0.92 for monozygotic twins 
down to 0.30 for siblings. These data, together with the low correlations between 
general maturity and tooth formation lead one to wonder whether tooth forma- 
tion has become earlier in recent years. 

Besides the desirability of further information on Whites, there is a need for 
tooth-formation data on non-Whites, who tend to be earlier in gingival eruption. 
Such data would be useful both for human identification and in the study of fossil 
man. Finally, data on tooth formation in the infra-human primates would permit 
comparisons of the sequences of tooth formation in other primates and man. 


1 Supported in part under grant no. M.1260 from the National Institutes of Health. 


The following four papers were read in the Wenner-Gren 
Conference on Current Physical Anthropology: 


20. Aspect of current physical anthropology: Method and theory. William S. 
Laughlin, Department of Sociology and Anthropology, University of Wisconsin. 


No abstract. 

21. Some experimental approaches in physical anthropology. Fred P. Thieme, 
Department of Anthropology, University of Michigan. 

No abstract. 

22. Anatomy and physical anthropology: Common concerns. G. EH. Erikson, 
Department of Anatomy, Harvard Medical School. 


No abstract. 


23. Man as a domestic animal, J. N. Spuhler, Departments of Anthropology 
and of Human Genetics, University of Michigan. 


No abstract. 
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24. The restored Shanidar I skull from northern Irag. T. D. Stewart, U. 8. 
National Museum, Washington, D. C. 


In the spring of 1957 Ralph Solecki reported from Iraq the discovery of the 
first adult skeleton from the Mousterian cultural level of the Shanidar cave. This 
skeleton was covered with rocks which had fallen from the roof of the cave and 
hence was considerably damaged, but the skull, although broken into many pieces, 
was nearly complete. The antiquity of the specimen is estimated to be 45,000 
years. 

Subsequently Dr. Solecki nominated me to restore and study the Shanidar I 
skeleton. Thanks to a cooperative arrangement between the American Philosophical 
Society, the Iraq Government and the Smithsonian Institution I was able to go to 
Baghdad early in October and to spend 3 months there on the project. 

On reaching the Iraq Museum in Baghdad, where the specimen is kept, I found 
that the skull had already been partly assembled by George Maranjian and that 
the post-cranial bones had been cleaned by workers in the laboratory. The skull 
had been put together and painted with a water glue and the other bones had 
been painted with a plastic glue. Thus I had to take the skull apart again and 
clean the fragments. The process of reassembling the skull fragments and re- 
storing missing parts took nearly 2 months. Another month was required to 
make casts of the skull and jaw and to take photographs, drawings, x-rays, etc. 
At intervals during this time the better preserved post-cranial bones were cleaned 
restored, and cast. Some post-cranial parts had to be left for future study. 

In this first public presentation of the results only the skull will be considered 
in detail. Emphasis will be placed on the factors which determine the quality of 
the restoration. This is important because the question arises as to the extent to 
which the form and size of the posterior vault is a product of the restoration. 
Otherwise it is clear that the skull, especially in the face, has many primitive 
features. The persistence of such_a primitive type to a time only 45,000 years 
ago is perhaps the most significant thing about the discovery. 

Shanidar I probably was a male and seems to have been over 40 at the time of 
death; he was tall for a Neanderthaler (at least 5’8”) and had a large brain 
(1610 ce). Casts of the skull and jaw will be exhibited. 


25. Race, physique, and disease: Recent research in acne, cancer, hypertension, 
and polycythemia vera. Albert Damon, Harvard School of Public Health. 


With infections declining in importance, those diseases in which host factors pre- 
dominate are now the leading causes of death and disability in this country. Some 
of the host factors receiving reviewed medical attention, such as race, physique, and 
blood groups, also concern the anthropologist. Recent longitudinal studies in 
England and the United States confirm Hippocrates’ notion of the ‘‘phthisic’’ 
habitus. Among large numbers of clinically and radiographically normal subjects, 
tall thin ones developed later tuberculosis far more often than short fat ones. 

Acne vulgaris is said to be especially frequent or severe among brunets, Southern 
Europeans, or— according to various authors—mesomorphic or heavy men. 
Among 400 consecutive white soldiers at Army induction, no relationships were 
found between acne, and ancestry, complexion, or physique. 
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With Dr. G. A. Perera, the physique of 120 patients with essential hypertension 
was studied at the Presbyterian Hospital in New York City. The patients were 
evenly divided by sex and form of hypertension, benign or malignant. Ages were 
comparable, and only stable weights, unaffected by disease, were used. Men 
with the two forms of hypertension did not differ in height, weight, or the height 
W/weight index. Women with malignant hypertension were significantly leaner 
(p < 0.0001) than those with the benign form. The latter were significantly 
stockier, and those with malignant hypertension leaner than women from the same 
hospital population without known disease. Since the benign form of hypertension 
is some 20 times commoner than the malignant, these observations and those by 
others tend to confirm the Hippocratic ‘‘apoplectic’’ habitus. 

Polyeythemia vera is said to be relatively rare among Negroes and common 
in Jews and in persons of lean body build. Among 197 patients studied with 
Dr. D. A. Holub, Negroes were found 1/5 as often and Jews twice as often as 
expected from their prevalence in the Presbyterian Hospital population. Both 
differences were significant at the 0.1% level. The Jewish susceptibility was much 
less than the 4 or 5 to 1 usually quoted and resembled that reported for leukemia, 
another neoplastic blood disease. No physical difference was found between poly- 
eythemie patients and normal persons from the same hospital. 

Among 899 women with cancer of the breast or reproductive system, studied with 
G. M. Touraine and Dr. W. H. Sheldon, the White: Negro ratio was higher than 
expected in breast and endometrial cancer and lower in cervical cancer, at the 
0.1% significance level. The well-known rarity of cervical cancer among Jewish 
women was confirmed. Race was unrelated to the outcome of treated breast and 
cervical cancer. 

White and Negro women with endometrial cancer were markedly heavier, 
stockier, and more endomorphic than normal women and those with cervical can- 
cer. White women with breast and cervical cancer were less gynandromorphic, 
i.e. more feminine physically, than normal women (p < 0.01). Mesomorphy was 
low in women with cervical cancer, both White (p < 0.02) and Negro (p< 0.01), 
and roughly paralleled 5-year survival in treated breast and cervical cancer. 

Before speculation on these associations is warranted, they should be independ- 
ently confirmed on large samples, and their mechanisms investigated along ana- 
tomical, biochemical, and genetic lines. 


26. Physical anthropology in human factors engineering. Albert Damon, 
Howard W. Stoudt, Jr., and Ross A. McFarland, Harvard School of Public Health. 


Human factors engineering deals with the design of equipment in terms of 
human body size and capabilities. The human factors engineer designates the 
appropriate tasks to the man and to the machine and designs the working en- 
vironment in terms of human needs. Working together, the biologist and the 
engineer can greatly improve human comfort, efficiency, health, and safety, in 
a world increasingly man made. The pertinent biological disciplines include 
anatomy, anthropology, physiology and psychology. 

As consultant and adviser to the engineer, the physical anthropologist can 
play a vital role in machine design. At the Harvard School of Public Health, 
for example, physical anthropologists and psychologists cooperated in a series of 
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evaluations of commercial trucks and buses to see how well the working areas 
were suited to the driver. Many examples were found of inadequate space and 
poor arrangements of seat, controls and instruments with regard to the range of 
human body size and capabilities. The commercial driver population was measured 
directly and specific, new, design recommendations were made on the basis of these 
data. 

The physical anthropologist also presents basic data in such a way that the 
engineer can directly utilize them in his designs with a minimum of difficulty and 
interpretation. Anthropometric data, for example, are usually presented in per- 
centile form. An additional step, to be investigated shortly, is to determine the 
precise location of the points, or ranges, where space begins to affect human 
performance. 

The ultimate goals of the physical anthropologist in human factors engineering 
are twofold: (1) to make it possible for all men of all sizes to operate all 
machines, and (2) to avoid limiting the machine’s performance by human failure. 
Physical anthropology will have a permanent place in future human factors en- 
gineering programs, 


27. The prediction of adult somatotype in the pubescent boy. Edward E. 
Hunt, Jr., and William H. Barton. Adolescent Unit, Children’s Hospital, Boston, 
and Harvard University. 


One of the most important longitudinal growth studies of adolescent boys was 
the one carried out in Oakland, California by Drs. H. R. and L. M. Stolz. 
These workers published a book on their findings in 1951, entitled Somatic 
Development of Adolescent Boys (Macmillan, New York). 

Body build photographs of these boys were taken at intervals of about 6 months 
from about 11 years of age to from 16 to 18 years, in most cases. These serial 
photographs were made available to us through the courtesy of Professor S. S. 
Stevens, of the Department of Psychology, Harvard University. 

On 71 boys, the photograph nearest the age of 11.5 years was selected, and 
the oldest photograph if the boy was followed to at least 16.5 years. Most of 
the older photographs were at either 17 or 18 years of age. 

The senior author rank-ordered the youngest and oldest photographs according 
to Sheldon’s endomorphy, mesomorphy and ectomorphy at both ages. These rank- 
ings were performed some weeks apart in order to reduce bias as much as possible. 

The rank-order correlations between the ratings at the two ages were: 

Endomorphy + 0.453 
Mesomorphy + 0.501 
Eectomorphy -+ 0.452. 

These coefficients are worth comparing with correlations between dimensions 
of the body in the same individuals at the onset of pubescence and at maturity. 
Such correlations in general tend to range between + 0.70 and + 0.75. In such 
cases, the adolescent increment of growth tends to show a very slight negative 
correlation with the total measurements at pubescence, so that the adolescent 
growth is almost — but not quite — randomly superimposed on growth previously 
attained. 
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Differentiation of somatotype, on the other hand, is not entirely a random 
superimposition of adolescent events on prior developmental processes. To a 
considerable extent, the pre-existing body type is obliterated during adolescence, 
80 that extreme changes of physique are not uncommon. 


28. Bio-mathematics and cultural causatives. Burt W. Aginsky, Department of 
Anthropology, The City College, New York City. 


There are at least 3 major categories of application of bio-mathematies: (1) 
non-domesticated animals where reproduction occurs with little or no regard to 
previous biological relatedness, (2) domesticated animals where man regulates or 
controls reproduction upon the basis of known biological ancestry, and (3) human 
groups where man himself imposes sanctions and taboos (culture) regarding 
marriage and reproduction. 

Some cultural causatives which affect the quantification are: migrations, in- 
fanticide, birth control and abortion, war, travel, hazardous occupations, celibacy, 
restrictions as to age at marriage, endogamy, exogamy, lateral class, caste, etc., 
groups, lineages of first born, taboos and sanctions of marriages between related 
individuals, gerontocracy, wife-lending, castration, sexual abstinence re war, 
occupation, birth of chidren, ete. 

The invariant biological factors without regard to culture are: initial and 
terminal ages of impregnation by males and child-bearing by females, genera- 
tional count, total population effective for reproduction, ratio of males to females, 
and number of births per female. 

Using the traditional gauge derived from ‘‘monogamy’’ and then testing the 
effects of cultural ecausatives we find that the quantity of one or more of the 
factors is changed and thus a different quantity results in the following: (1) the 
human genetic system, (2) the form of biological mating, (3) the quantity of: 
(a) individuals in the mating groups, (b) nuclear families, (¢) individuals in 
the nuclear families, (d) individuals in the total population and ratio of males to 
females, (e) biological relationships, (f) individuals in the relationships, and (g) 
families in the total population. 

A full presentation of this material appears in, Aginsky, Burt W., 1958: A 
Solution to Kinship and Social Organization and a Theory of Human Genetic 
Systems. University Microfilms, Monograph 58-1313, Ann Arbor, Michigan. 


29. Stereophotogrammetry as an anthropometric tool. H. T. E. Hertzberg, 
©. W. Dupertuis and I. Emanuel, Aero Medical Laboratory, Western Reserve 
University, and Aero Medical Laboratory, Wright Air Development Center. 


No abstract. 


30. Variations in subcutaneous fat under isocaloric conditions. Edward I. Fry, 
Department of Anthropology, University of Nebraska. 


No abstract. 
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31. Physical growth and development of Mexican and Anglo-American school 
children of Tucson. Richard G. Snyder, Department of Anthropology, University 
of Arizona. 


The basic objective of this study was to determine certain aspects of the 
physical growth of Anglo-American and Mexican school children from ages 6 to 
18, of the Tucson, Arizona, area. Both a longitudinal and cross-sectional approach 
was employed. Specifically considered were the physical characteristics of weight, 
height, annual increments, and through utilization of the Wetzel Grid technique, 
comparison of body-type, size, and direction of development. 

The sample consisted of 416 children of both sexes, 204 Mexicans and 212 Anglos. 
Only those children having lived in Tuscon their entire school life were used. Basic 
data were obtained from each individual’s school health record and the bi-annual 
measurements for each child’s 12 year span was recorded directly onto the Wetzel 
Grid ecards to secure the growth curves. This information was coded and trans- 
ferred to IBM punch cards and electronically processed. 

Intra-sample female comparison showed that the Anglo Tucson females are 
significantly taller at every age level from age 6 through 18 than the Mexican 
females, and are heavier at every age except 7. In both Tucson Anglo and Mexican 
females linear developmental spurts were found to precede lateral spurts by about 
one year. Height spurts for Mexican girls occurred at ages 10, 11, 12, while 
greatest weight gains occurred at age 11 and 12. Anglo girls’ greatest height gains 
began at age 9 and extended to age 12, while their greatest weight increases oc- 
curred at age 10 to 13 years. Anglo girls began the period of greatest growth in 
both stature and weight one year earlier than Tucson Mexican girls, and were also 
found to have a larger body size at each age level. While the Mexican female is 
smaller, physical maturation in regard to body size is gained by age 17, while the 
Anglo female continues to develop slightly at least through age 18. 

Tucson Anglo boys weigh more and are taller at each age from 6 to 17 than 
Mexican boys, being 1.6 inches taller at age 6, 2.5 inches taller at age 11, 16, 17. 
Mexican boys’ greatest height spurt is at age 14 (3 inches), one year earlier than 
Anglo boys. No significant difference in physical type between these two ethnic 
groups was found. 

Nine year old Tucson Mexican females of today are 3.9 inches taller, and 
Mexican boys 2.9 inches taller than those of 1925, while 12 year old Mexican girls 
are 3.5 inches taller and Mexican boys 1.9 inches taller today. 


82. The physioprint —tts applications in physical anthropology. Viken Sass- 
ouni, Graduate School of Medicine, University of Pennsylvania. 


Physiography is a photographic technic which permits the taking of the 
facial dimensions in three planes of space with a single picture. A physiograph 
requires a projector, a millimetric slide, and a camera. The camera and the pro- 
jector are centered on the subject at right angles to each other. The camera is 
situated five feet from the midsagittal plane of the subject and the projector eight 
feet from the transmeatal axis. A millimetrie grid, with two heavy lines, one 
horizontal and one vertical, is projected onto the face. The head of the subject is 
oriented so that the horizontal line coincides with the Frankfort plane and the 
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vertical line with the midsagittal plane. In this way, the face is accurately oriented, 
and the profile photograph may be taken. 

I call this photograph a ‘‘physioprint’’ because, like a fingerprint, the lines of 
the grid delineate the pattern of the face. The millimetrie grid is calibrated in such 
a way that the horizontal lines (not deformed) are spaced by five millimeters, and 
the vertical lines (deformed by facial contours) are spaced by two millimeters 
and they are one mm thick. This way, any dimension can be measured on the 
physioprint by counting the lines (heights, breadths, and depths). 

This technie may be applied to cephalometry; craniometry; anthropometry; 
growth, genetic and racial studies. 


83. A platycephalic skull from a Seneca site. A rare example of craniostenosis 
associated with premature closure of the squamosal and parietomastoid sutures. 
William S. Cornwell and Georg K. Neumann, University of Rochester School of 
Medicine and Dentistry, and Department of Anthropology, University of Indiana. 


No abstract. 


34. Cultural determinants of brain size. S. L. Washburn, Department of 
Anthropology, University of Chicago. 


No abstract. 


85. The brain as a preadaptive factor in the development of culture. Leo Estel, 
Department of Sociology and Anthropology, The Ohio State University. 


The central idea of preadaption is the development of genetically inherited 
potentials making possible the utilization of new environments or a new utilization 
of the environment in which the new potentials develop. The major observable 
differential between ape and man in prehistoric times is in the utilization of the 
environment. Differential behavior between contemporary ape and contemporary 
man is mediated by differences in the size and structure of the brain. Differences 
in facial and posteranial morphology are relatively of small importance. The 
fragmentary evidence of the evolution from ape to man indicates an overlapping 
continuum in brain size, brain content and gross morphological skeletal structure. 
In the evolution from ape to man the distinguishing point between ape and man 
is in behavioral patterns and the utilization of the environment as indicated by 
tools manufactured to a continuing type. Brain size and shape for the Neander- 
thal type of man exhibits considerable overlapping and most, if not all, Neander- 
thal brain cases fall within the size and shape range of the brain eases of modern 
man. Burial practices among Neanderthals indicate the ability to conceptualize 
beyond immediate place and contemporary time. A very large discontinuity in 
cultural development is shown between the Mousterian and Aurignacian cultures 
in Europe mediated by the disappearance of the Classic type of Neanderthal and 
the immigration of Homo sapiens. The elaboration of culture exhibited by Homo 
sapiens of the Aurignacian is made possible by group organization and cooperation 
as opposed to the rugged individualism of the Neanderthal. The brain is a com- 
plex organ with many functions. Those areas of the human brain associated with 
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temperamental disposition are probably the distinguishing factors between Nean- 
derthal and Homo sapiens and differences in intelligence, if any, of relatively small 
importance. The three stages of utilization, conceptualization and elaboration were 
only possible after changes in the brain structure had taken place. Neither 
prehistoric Homo sapiens skeletal remains nor prehistoric cultural remains as- 
sociated with these skeletons indicate biological evolutionary changes. From his 
inception Homo sapiens seems to have had the capacity for cultural elaboration 
making possible the new utilization of an existing environment: a brain pre- 
adapted to the development of our way of life. 


36. Results of research on the skeleton of Pliopithecus (Epipliopithecus) 
vindobonensis. H. Zapfe, Naturhistorisches Museum, Vienna. 


No abstract. 


87, Middle Pleistocene human remains in Europe and northern Africa, F. 
Clark Howell, Department of Anthropology, University of Chicago. 


No abstract. 


88. The relative persistence of indigenous physical types despite repeated 
waves of invasion-conquest. William E. Edwards, Department of Sociology and 
Anthropology, University of Pittsburgh. 


Recorded descriptions, paintings, statues, skeletal materials, and wide-spread 
linguistic stocks (‘‘ Hamito-Semitic,’’? Indo-European, Ural-Altaic, Kadai-Malayo- 
Polynesian) indicate many cases of relative stability of physical types despite 
foreign invasion-conquest. Some examples may be explained by biological similar- 
ity (Roman-Iberian), conquest by minorities (Vandals, Huns, Normans), or con- 
queror settlement in towns and cities, with rural population replacement. 

Although in most prehistorie situations ‘‘mass migration’? was rare, there 
constantly occurred gradual spread, generally based on cultural and less fre- 
quently since the Upper Paleolithic secondarily on biological superiority, with 
fairly equivalent or, usually, greater population density of the ‘‘conquerors.’’ 
Explanations for physical stability under such prehistoric conditions, generally 
with appreciable interbreeding, include the selective removal of hybrids, all either 
inferior in adaption or semi-sterile, when conquerors were somewhat less numerous 
than the conquered; selective removal of biologically and/or culturally poorly 
adapted conquerors, even if more numerous, and of hybrids with a higher com- 
ponent of conqueror ancestry; and numerical decrease in a higher socio-economic, 
less fertile conqueror semi-caste. But at best the foregoing processes, even if 
valid, account, individually, for no more than small portions of only a minority 
of cases; the first process seems virtually nonexistent, while the postulated semi- 
easte would generally have an equivalent fertility and a lower mortality. 

Detailed, quantitative analysis provides the only adequate explanation for 
the majority of cases. As but one illustration, assume the effective average width 
of the zone of fluxion (frontier area from which migrants are drawn) is 75 miles; 
the proportionate population increase per 25-year generation is 50%; and half 
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those produced in excess of 50% of the population equilibrium (maximum) density 
level migrate, settling the previously unconquered land at 33% of equilibrium 
density. Then, even if the conqueror population density is regionally 3.75 times 
that of the conquered, and even if, in occupation of new territory, only 6% of 
the conquerors are killed but 75% of the conquered are killed or forced out, leav- 
ing an equivalent of only 25% of the conquered for incorporation into the domi- 
nant population through interbreeding, calculations reveal that the conquerors, 
spreading at the rapid rate of 1 mile per year, will be genetically absorbed with 
remarkable rapidity by the sparser, culturally inferior indigenous population, with 
90% absorption in 258 miles and 99% in 516 miles. 

The validity and wide applicability of the foregoing and related principles 


will be demonstrated in a series of papers on specific problems of racial and 
cultural history. 


39. Origin of the African Pygmies. R. Ruggles Gates, Cambridge, Massachu- 
setts. 


No abstract. 


40. Relationships of the African Pygmies. R. Ruggles Gates, Cambridge, Mas- 
sachusetts. 


No abstract. 


41. The Batutsi and the Bahutu of Ruanda-Urundi. Lawrence Oschinsky, De- 
partment of Anthropology, University of Arizona. 


(Read by title.) 


42. Palaeodemography and disease in Bronze Age Greece. J. Lawrence Angel, 
Jefferson Medical College. 


Almost 400 skeletons studied last summer raise the total above 2,000 (in- 
cluding infants). 230 excavated from 260 Middle Bronze Age graves at coastal 
Lerna (near Argos and Mycenae) by J. L. Caskey make a uniquely complete 
sample since this key phase in formation of the Greeks antedates skeletally de- 
structive chamber tombs and later cremation. 35% are infants and 21% children, 
compared to 27% and about 22% in Classical Greece, 18% and 23% in Greece 
in 1929, and less than 5% and 4% in modern America. 15% of the 80 infants 
appear premature, pathological ‘‘raying’’ of skull affects 25%, and excess of 
males rises with age. Among adults, males average 36+ at death and females 31: 
an average of 3 dead children per woman plus variable signs of pregnancy stress 
in most female pelves suggest 6 births per family spaced each 2.5 years with 
selectively big contrasts in family size. Longevity improvement by Classical times 
of 5-10 years (much slower than now) reflects hygiene rather than medical care 
improvement. Statures of 166 and 154 for men and women are 3-4 em below 
historic period means and 5-6 em below Bronze Age royalty and pelves are shallow 
(79-80) suggesting suboptimal diet. Osteoporosis symmetrica affects 16% (thal- 
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assemia also?). Vertebral arthritis (with disk collapse) affects 75% of men and 
50% of women (why in the neck region at this period particularly?), and ex- 
tremity arthritis affects 41% men and 18% women. Gout and dental cyst occur 
alongside few traumatic deformities (ankle), wounds (15%), and fractures 
(under 10%). Trephination occurs. 

Body build and posture, stocky and mountain-adapted, are variable. The mean 
Sigma Ratio is 25-30% above ‘‘normal,’’ though sacral hiatus and carabelli cusp 
suggest unifying gene spread. Heterogeneity is incredible. Lerna people are 
taller than their predecessors with bigger heads and facial breadths; their neigh- 
bors differ little, but their rulers, taller and more robust, have much bigger and 
more linear heads and noses and more prognathism. At Lerna short Pre-Greek 
types (A 18%, B 11%, D 6%, C, E, F 19%) persist alongside taller intruders 
(D 20%, C 183%, F 7%, E 6%). One early ‘‘family’’ group ranges from very 
linear beaky Iranian (D) to Mixed Alpine (E) and very short Alpine (C); a grave 
linkable with Vardar area pottery ranges from Alpine and Dinaroid (F) to 
Iranian; a man buried with a Cycladie jug is Iranian-Mediterranean. Migration 
thus was on an individual as well as mass basis, with differential fertility as well 
as tough environment as selective factors. Mixture helped to fire enough social 
as well as physical energy so that pressure of population growth was the key prob- 
lem of the Late Bronze Age Mycenaean ‘‘civilization.’’ 


Proceedings of the 


Twenty-Eighth Annual Meeting of 
The American Association of Physical Anthropologists’ 


The Association met concurrently with 
‘the Central States Anthropological Society 
and the Society for Applied Anthropology 
at Madison, Wisconsin, Thursday through 
| Saturday, May 14-16, 1959, by invitation 
}of the Department of Anthropology, Uni- 
versity of Wisconsin. 

Five sessions were devoted to contributed 
} papers, and one to a showing of anthro- 
) pological motion pictures. One of these 
{motion pictures is the work of a member 
| of the Association, Burt Aginsky, and bears 
(the title “Law in cultures and human 
biology.” At the first scientific session 
| President Cobb announced that $100 had 
} been received from an anonymous donor 
) for a prize to encourage the better delivery 
of papers at the annual meeting. He said 
also that he had appointed judges and that 
\the judges’ decision would be announced 
| after the last session. By courtesy of the 
) Wenner-Gren Foundation, Dr. Sol Tax, 
| Professor of Anthropology, University of 
| Chicago, addressed the three societies on 
| Thursday evening in behalf of the new 
finternational journal Current Anthropol- 
ogy. The title of his address was “Anthro- 
) pology around the world.” Later that 
'evening a smoker was held at a downtown 
# restaurant, again by courtesy of the Wen- 
iner-Gren Foundation. A combined annual 
dinner of the three societies, held Friday 
}evening in the Park Hotel, commemorated 
ithe centennial of physical anthropology 
(1859-1959). The guest speaker was the 
'Hon. Philleo Nash, Lieutenant Governor 
lof the State of Wisconsin and the title of 
\his address was “On being a scientist in 
|} government.” An informal smoker fol- 
‘lowed the dinner. 

The Executive Committee of the Associa- 
tion held its regular annual meeting the 
evening of May 13, 1959. 


BUSINESS MEETING, MAY 14, 1959 


The minutes of the 27th annual meeting 
(1958) were approved as submitted in 


mimeographed form by the retiring Secre- 
tary-Treasurer, Dr. J. N. Spuhler, and as 
corrected by the Executive Committee. 

President Cobb announced the following 
appointments to Committees: Nominating 
Committee (1960): Charles E. Snow, 
Meryl Miles, T. D. Stewart, Chairman. 
Viking Fund Award Committee (1959- 
1960): William W. Howells, Wilton M. 
Krogman, Georg K. Neumann, Charles R. 
Noback, Fred P. Thieme, and T. D. Stewart, 
Chairman. Auditing Committee (1959): 
William M. Bass, Melvin L. Moss, and 
Gabriel W. Lasker, Chairman. Resolutions 
Committee (1959): F. Gaynor Evans, Wil- 
liam L. Straus, Jr., and Charles W. Goff, 
Chairman. Russell W. Newman was re- 
appointed as representative of the Associa- 
tion to the AAAS Council for the term 
ending December 31, 1961. 

The following new members who had 
been approved by the Executive Committee 
on May 13 were elected to membership by 
unanimous vote: 


Virginia Carbonell 
Kirby Chandler 
Chester F. Chard 
Orville S. Elliot 
Ernest Goldschmidt 
Joan Adams Haskell 
Friedrich Keiter 
Shiro Kondo 


Morton Levine 
Gregoria Loza 
William Montagna 
Holm W. Neumann 
Wolfram Ostertag 
Beverly Rettig 
Raymond Seale 
Joseph W. Young 

The Secretary announced the death of a 
charter member of the Association, Dr. 
Rowland B. Freeman.” 

The Treasurer gave a report on the finan- 
cial status of the Association, which, owing 
to circumstances beyond his control (see 
p. 355), he had to limit to the preceding 
five months. This report and that of the 
Auditing Committee, presented by Gabriel 
W. Lasker, were accepted. 


1 Assembled from various sources in 1960 by 
T. D. Stewart. 

2 After the meeting it was learned that another 
charter member, Dr. Harry H. Shapiro, had died 
during this period. 
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REPORT OF THE TREASURER 
November 1, 1958 to April 1, 1959 


Bank balance on November 1, 1958 in the Harvard Trust Co. 
Receipts: Dues received between November 10, 1958 and 


March 19, 1959 


Expenditures: 
Postage 
Stationery 
Advance payment for stationery 


Payments to Wistar Institute 
Subscriptions and postage 
Excess tables and illustrations 

Train fares 


Bank balance on April 1, 1959 in the Harvard Trust Co. .... 


Respectfully submitted, 
EDWARD E. HunNT, JR., Treasurer 


Statement of Auditing Committee: 


as soon as practicable.® 


The Managing Editor, William S. Laugh- 
lin, reported that a very satisfactory sup- 
ply of manuscripts is on hand for the 
Journal. The printing press at The Wistar 
Institute is still undergoing reconstruction, 
and the Journal’s 1959 issues may be ex- 
pected in a new format starting with the 
appearance of the March issue late in the 
year. 

Dr. Laughlin has agreed to edit a cen- 
tennial volume of the Journal commemo- 
rating the one hundredth anniversary of 
the founding of the Société d’Anthropologie 
de Paris in 1859. The extra cost of publish- 
ing this volume is to be met by a most 
generous grant from the Wenner-Gren 
Foundation. Editorial collaborators on this 
project are to be William W. Howells, 
Gabriel W. Lasker and Mildred Trotter. It 
has been suggested that papers be solicited 
from Viking Fund Medalists and that the 
subject matter include material on the first 
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eas: fe) fo) eo. sp w. ce. (6) coltey gat fol ve) le) eee /a) tel 's\ (enone) 


SA eee 250.00 | 
$4250.00 | 

Pee a Me $ 10.00 

ie RA eS 90.70 

ects ite Mie 59.70 

foil opie erie tee 232.17 

Bo ee 117.39 | 

ge ae 2 ee 40.90 550.86 


(April 2, 1959) 


We have examined the records shown by the | 
present treasurer covering transactions subsequent to November 1, 1958, and find them | 
to be as stated. Because of the absence from the country of the previous treasurer 
a final audit of his books has not been possible and we recommend that this be done 


Signed (May 14, 1959) by 
GABRIEL LASKER 

WILLIAM M. Bass 

MELviIn L. Moss 


century of organized physical anthro- | 


pology. 


President Cobb announced that the Vi- ; 
king Fund Award Committee for 1958— | 
1959 had proposed the name of Henri V. | 


Vallois, Director of the Musée de (Homme 


$4000.00 | 


$3699.14 | 


in Paris, and that the medal had been pre- 
sented at the annual dinner of the Wenner- | 


Gren Foundation in New York on March 6, 
1959.4 


Paul T. Baker and William J. L. Felts, 


| 


. 
' 


who had accepted the assignment at the 


previous meeting of reviving the PA News- 
letter, admitted that they had not suc- 
ceeded. After some discussion, it was 
agreed to let the matter drop. 

T. D. Stewart gave a brief report on his 
visit to Czechoslovakia March 28—April 2 
for the purpose of assisting the local an- 


3 See p. 355. 


*#See this Journal, n.s. vol. 17, no. 2, pp. 163— 
166. 
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thropologists in celebrating the 90th an- 
niversary of the birth of Ale’ Hrdli¢ka. 
The report of the Resolutions Committee, 
which was accepted, directed the Secretary 
to give special notice in the minutes of the 
meeting to the passing of a very early mem- 
ber and life-time supporter of the Associa- 
tion, Dr. Rowland G. Freeman. Also, it 
expressed the Association’s appreciation to 
the University of Wisconsin and especially 
to William S. Laughlin and his associates 
in the Department of Anthropology for the 
opportunity to meet on their campus; to 
the Wenner-Gren Foundation, and particu- 
larly to Paul Fejos, the Director, for his 
unstinting support of things and affairs re- 
lated to physical anthropology, and more 
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especially for this year’s smoker and attend- 
ant favors; to The Wistar Institute for sup- 
porting the Journal in too many ways to 
mention; and to the Hon. Philleo Nash, 
Lieutenant Governor of the State of Wis- 
consin, for his part in the meeting. 

The Chairman of the Nominating Com- 
mittee announced the following candidates 
for office, whose election immediately fol- 
lowed the closing of nominations: Presi- 
dent, William W. Greulich, to serve until 
1961; Executive Committee members: 
Clark Howell, to finish out Dr. Greulich’s 
term (i.e., until 1961), and Gabriel W. 
Lasker, to serve until 1962; Associate 
Editor, Melvin L. Moss. 

The meeting adjourned about 5:30 p.m. 


ADDENDUM 


Report of the Ex-Treasurer 
April 1, 1958 to September 30, 1959 


Bank balance on April 1, 1958, Ann Arbor Bank, State 


Street Office 
Receipts: 
Dues 


Expenditures: 
Secretarial expenses 


Editor’s travel’ to Wistar Institute 
Printing of proceedings 
Postage 


Transferred to incoming treasurer 
July 8, 1958 
October 20, 1958 

Checks returned unpaid 

Bank charges 


Bank balance on September 30, 1959 


Audited and found to be as stated: 
GABRIEL LASKER 
November 27, 1959 


Overpayment of dues and premium on foreign exchange .. 


$) (oS ietjfe1 ee tee: Ja! (6) fet fel) eile) le Ye elm 0, 6 |S, S464) 1e B isuleie.® 


Default on guarantee of 1958 annual dinner 
Payments to Wistar Institute for subscriptions and postage 


ap srital ‘wale’ Va) fa) 1s) allio ao fer lal ie \e.ue) \e) © 09), fer b) 6. oe: “es: Rey loi 6 corte ol whe) st ist cei ta ie 


Meh ah fai Mav al te) elke a eee ey Wie) sere 'e) ip re” 10) ‘ai "9) ‘we deniers 1B Je (6: 16, e180) © 


© 0) te) fe: le ectel ewla el cejie oe 


wh iphie @ e ia (© (ol ce 6) © Galle. ie) sel eee: 


$5,072.95 


$2,652.50 


1.66 2,654.16 


$7,727.11 


$ 12.09 
231.30 
2,471.40 
150.00 
219.06 
28.50 


ohien Geel pe. ked-6) or seein e) 


100.00 
4,000.00 
60.00 


83 7,273.19 


$ 453.93 


Respectfully submitted, 
J. N. SPUHLER 
November 27, 1959 


As requested by the Auditing Committee, James N. Spuhler informed me that the re- 
maining funds of the Association, amounting to $453.93, were transferred to Edward 


E. Hunt, Jr., on December 3, 1959. 


Signed: 
GABRIEL LASKER 
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SCIENTIFIC PAPERS 


Three of the papers listed below are 
starred because they were judged to be the 
best from the standpoint of presentation. 
Since the Judges could not further narrow 
down their choice, the $100 prize an- 
nounced at the beginning of the meeting 
was divided equally among the following: 
Marion Lewis, Demarest L. Polacheck, and 
Richard W. Young. 


1. Stature increase in the U.S. military 
population. Robert M. White, Environmental 
Protection Research Division, U.S. Army Quarter- 
master Research and Engineering Command, 
Natick, Massachusetts. 


Evidences of increases in the average stature 
of the U.S. military population are reviewed 
from data available in the literature. It may be 
concluded that average stature in the U.S. mili- 
tary population did not change appreciably be- 
tween the Civil War and World War I. However, 
it is apparent that average stature in the military 
population increased some %4ths of an inch be- 
tween World War I and World War II. 


2. A preliminary report on a longitudinal 
growth study of college men. Russell W. Newman, 
Environmental Protection Research Division, U.S. 
Army Quartermaster Research and Engineering 
Command, Natick, Massachusetts. 

A two-year, longitudinal growth study was car- 
ried out by three universities, one eastern, one 
midwestern, and one far western, under contract 
with the Quartermaster Corps. Stature and other 
physical measurements were collected on the sub- 
jects at roughly six-month intervals. Preliminary 
analysis of only the stature data in relation to the 
chronological age of the subjects showed a pat- 
tern which differs markedly from all known age- 
stature series in that average stature was inversely 
proportional to age. In spite of this, the growth 
records indicate that stature increase over the 
two-year span was also inversely proportional to 
age. If the data from these three universities 
are accepted, some revisions of our concepts of 
population changes in stature during this century 
and prediction of growth rates seem required. 


3. Mechanics of human long bone growth; a 
correlated study of x-rays and biopsies. C. W. Goff, 
Yale University School of Medicine, New Haven, 
Connecticut. 


Seventy biopsies of epiphyses from 37 children 
and young adults, correlated with roentgeno- 
graphic studies before and after operation, to- 
gether with long follow-up examinations, re- 
vealed the mechanism of growth in length and 
breadth of the femur and tibia, under various 
circumstances. In many, steel markers embedded 
in the bony cortex, permitted accurate measure- 
ments. Two cases are presented for particular 
study as typical of the series. These had dis- 
similar screws inserted for stimulation, and 
staples placed across the epiphyseal disk for de- 
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celeration of growth at various times. They are 
informatively presented to explain increments of 
growth in length and breadth, deformation, 
tubulation and arrest. 


4, Relations of some physical properties of 
human bone to its microscopic structure. F. 
Gaynor Evans, Department of Anatomy, Wayne 
State University. 


The relations of tensile strength (stress) and 
strain and the modulus of elasticity to the number 
of osteons/mm? and their size (u2) were studied 
in transverse sections of specimens from em- 
balmed femoral and fibular compacta of a white 
female 33 years of age and white males 36, 47 
and 70 years of age. Sections from 18 specimens 
containing more than 1700 osteons were ex- 
amined in ordinary and in polarized light. Al- 
though the break area of the femoral specimens 
was 1.5 to 2 times larger than in the fibular ones, 
the latter had a greater tensile stress and strain 
and a higher modulus of elasticity. The femoral 
specimens also had twice (average) as many 
osteons/mm? but they were only half (average) 
as large (2) as the fibular osteons. There was 
no overlap in the range of variation in these 
features. The fibular specimens had fewer ce- 
menting lines/unit area and their collagen fibers 
were more nearly parallel to the long axis of the 
bone than in the femoral specimens. These facts 
suggest that a relatively few large osteons and 
fragments with few cementing lines (e.g. fibula) 
increase the tensile stress and strain and modulus 
of elasticity of compact bone. The same is true 
when the predominant direction of the collagen 
fibers approximates the long axis of the bone. 

Supported by a Fulbright Research Scholarship 
to Italy and (in part) by Research Grant 
A-377(C9) from the National Institutes of Health, 
USPHS. 


5. The development of the sacrum in the ab- 
sence of the pelvic girdle in the chick. George R. 
Holcomb and Ira Fowler, Department of Anatomy, 
University of North Carolina. 


Phylogenetic changes in the morphology of the 
sacrum appear to be associated with shifts in the 
relative position of the pelvic girdle. In verte- 
brates, generally, there is an apparent relationship 
between the size of the sacrum and the extent of 
its contact with the os coxae; the configuration of 
the lumbosacral vertebral mass in the adult fowl 
suggests a developmental relationship between 
this mass and the bones of the pelvis. This experi- 
ment represents an attempt to ascertain whether 
the pelvic girdle influences regional differentiation 
of the vertebrae of the lumbrosacral mass in the 
embryo. 

Primordia of the os coxae and posterior limb 
were excised unilaterally and bilaterally in chick 
embryos of stages 16-17. These operated embryos 
were fixed at ages ranging from 15 days of incu- 
bation to hatching and were stained in toto 
with alizarin red S. A total of 67 specimens was 
available for study. 

The configuration of the lumbosacral mass was 
normal in all specimens in which the pelvic girdle 
and posterior limb primordia were extirpated 
either bilaterally or unilaterally. Despite phyletic 
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dependence of sacrum upon limb, this study dem- 
onstrates that development of lumbosacral char- 
acteristics is independent of the limb and its 
girdle. 

Supported in part by a Senior Research Fellow- 
ship (SF-93-C) from the Public Health Service. 


6. Comparison of densities of bones of Amer- 
ican White and Negro skeletons. Mildred Trotter, 
George E. Broman and Roy R. Peterson, Depart- 
pent of Anatomy, Washington University, Saint 

ouis. 


The densities of the cervical vertebrae, thoracic 
vertebrae, lumbar vertebrae, sacra, ribs, humeri, 
radii, ulnae, femora and tibiae from 80 adult 
skeletons (20 each of American Whites and 
Negroes of both sexes) were determined by re- 
lating dry, fat-free weight to volume of displaced 
millet seed. 

The mean densities of the 10 bone series 
suggest 4 sub-series: (a) most dense (ulnae, radii, 
tibiae), (b) less dense (humeri, femora, ribs), 
(c) still less dense (cervical vertebrae) and (d) 
least dense (thoracic vertebrae, lumbar vertebrae, 
sacra). For males these 4 sub-series differ sig- 
nificantly; for females only combined sub-series, 
(a) and (b) vs. (c) and (d) differ significantly. 

The densities of each bone series in each sex- 
race group decrease with age. The 10 slopes 
within each group do not differ significantly from 
each other, except in the White female where the 
slopes for the vertebral series and femora are 
less steep. 

The mean densities of each bone series (except 
ribs) among the sex-race groups differ signifi- 
cantly. Sex contributes significantly in each ex- 
cept in thoracic and lumbar vertebrae, sacra and 
femora; race contributes significantly in each 
except tibiae. 

After adjustment for age differences among 
the 4 groups the level of significance is altered 
for sacra (less significant) and femora (not sig- 
nificant). No important changes occur in sex 
contributions, but the contributions of race be- 
come less significant. 

Supported by Grant A-1013 M and N, USPHS. 

George E. Broman was a Summer Research 
Fellow, 1955-57. 


* 7, The influence of cranial contents on post- 
natal growth of the skull. Richard W. Young, 
Columbia University. 


An attempt was made to clarify the following 
problem: To what extent and by what mechanism 
does the skull adjust to changes in the soft tissues 
which it supports and protects? To this end, skull 
growth was studied by a variety of techniques in 
rats with normal, and experimentally decreased 
or increased cranial contents. This material has 
since been reported in detail (Young, R. W. 1959 
Am. J. Anat., 105: 383-416). Changes in cranial 
contents led to compensatory modifications in 
size, shape and spatial arrangement of function- 
ally related tissues, including dura, bone and 
muscle. The cranial vault was highly influenced; 

_the cranial base was affected to a lesser degree; 
the facial skull was largely unaltered. The ap- 
plicability of these findings to man was verified 
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by measurements based on frontal and lateral 
skull x-rays of 50 hydrocephalic and 50 micro- 
cephalic children. It was suggested that intra- 
cranial pressures resulting from expansion of 
cranial contents are translated into tensile forces 
in surrounding tissues, influencing their orienta- 
tion, and stimulating their proliferation, thereby 
producing compensatory expansion of the cerebral 
capsule. (Abstract supplied in Nov. 1960.) 


8. Functional analysis of human brow ridges. 
Melvin L. Moss, Department of Anatomy, Colum- 
bia University, College of Physicians and Sur- 
geons, New York. 


The frontal bone at the orbital roof in man and 
in the primates is responsible for the protection 
and support of its functionally related soft struc- 
tures: the globe and the frontal lobe of the cere- 
brum. Ontogenetic and phylogenetic changes in 
the form (=size+shape) of the frontal bone, 
as in all other bones, are a response to primary 
changes in these soft structures. In the onto- 
genetic development of the bony orbit in both 
forms the globe is increasingly enclosed by the 
adjacent bones. In the primates there is a lack 
of the proportional increase in antero-posterior 
dimensions of the frontal lobe, as there is in man. 
Accordingly, the primate frontal bone produces a 
supra-orbital ridge in order to protect the globe. 
This ridge is not seen in modern man since the 
relative position of the anterior pole of the cere- 
brum directly overlies the globe. This hypothesis 
is supported by examination of human micro- 
cephalics with marked supra-orbital ridging. 

Supported, in part, by Grant B-965, National 
Institutes of Health. 


9. Variability in ossification order of the bony 
centers of the hand and wrist. Christabel G. 
Rohmann and Stanley M. Garn, Fels Research 
Institute, Yellow Springs, Ohio. 


The order of ossification of the bony centers 
of the hand and wrist is customarily given as 
“regular” and “remarkably constant,’ both for 
the first 28 centers and for the carpals alone. 
Deviations from the usual sequence are said to be 
associated with late ossification and more com- 
mon in children in poor health. 

While mean ossification orders as given in the 
literature are in fair agreement, mean and median 
orders from the same study differ to an equal 
extent. Individual ossification sequences, more- 
over, may deviate greatly from the mean and 
median orders with rank deviations (2d) as high 
as 100 for a given child. Individual centers may 
exhibit rank deviations as great as 18 out of a 
possible 28. Out of 154 boys and girls only 49% 
of the boys and 61% of the girls adhered to the 
Capitate-Hamate-Triquetral-Lunate-Greater Mult- 
angular-Lesser Multangular order commonly 
given. Fifteen of the mathematically possible 
36 carpal sequences actually occurred. 

Actually, the degree of pattern variability was 
not significantly correlated with mean ossification 
age (XT). Children most deviant in ossification 
order did not experience more acute illnesses 
during their first 7 years. There was clear evi- 
dence that the most extreme pattern deviations 
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tended to be repeated in the subsequent genera- 
tion. 

From the present study it is unlikely that any 
bony center of the hand and wrist holds an un- 
variable rank in the ossification sequence, and 
the inutility of massed data ossification orders 
is clearly seen. 


10. A preliminary report on the skeletal ma- 
terial from Little Salt Springs, Florida. Louanna 
Pettay, Indiana University. 


This paper is a preliminary report on the skel- 
etal remains recovered from Little Salt Springs 
in the central Gulf Coast region of Florida. The 
presence of human remains from such a site 
raises a number of interesting problems and while 
many of these problems cannot be solved from 
information obtained from skeletal remains alone 
this material may serve to delimit some areas of 
the problems. With this in mind, the quantity and 
type of bone, age and sex distribution, physical 
type, and other characteristics of the skeletal 
material are discussed and some inferences 
drawn. Some of the conclusions which are tenta- 
tively advanced on the basis of this material are: 


1. The human remains were intention- 
ally deposited in the Spring. 

2. The skeletal remains represent sec- 
ondary burials. 

3. The Spring was used for burial pur- 
poses by a relatively late Indian 
group conforming, in general, to a 
physical type found elsewhere in the 


Southeast. 
11. The relationship of human _ size to 
strength. William E. Edwards, University of 
Pittsburgh. 


Homo sapiens offers marked advantages over 
all other species available for strength testing, 
for a greater variety of complex tests for various 
groups of voluntary muscles can be performed 
more rapidly with simpler instruments, while 
motivation can be made unusually uniform. 
Strength test scores should have a fairly normal 
distribution within each small body-weight inter- 
val, and the means or any other equivalent points 
might expectably conform quite closely to the 
proper exponential curve. But the many variable 
determinants, such as age, sex, genetically deter- 
mined potentialities, nutrition, exercise, disease, 
and motivation, require an almost infinitely large 
total sample and would in any case distort the 
resultant curve. 

Since there is surely a physico-chemically de- 
termined upper limiting asymptote for muscle 
strength per unit of cross-sectional area, if it 
were possible to identify the uppermost percentile 
strength-score subjects in each body-weight inter- 
val, their scores should conform very closely to 
the expectable curve. Practiced weight-lifters, 
especially regional and world champions, provide 
such a sample, with good selection for all the 
more significant variables cited. 

A scatter diagram of weight-lifting scores of a 
small, random sample from the general popula- 
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tion manifests virtually no consistency of trend. 
But scores for novice lifters cluster about the 
curve, while those of regional champions con- 
form more closely. World record lifts conform to 
the expectable curve almost precisely, with the 
exception of the heavyweight class, in which the 
addition of fatty tissues provides no marked dis- 
advantage. Even the minute deviations from the 
expectable curve, slightly lower for the lightest 
and for the heaviest weight classes, were antici- 
pated, for both the lightest and heaviest lifters are 
selected from a smaller total population of pro- 
portionately unusually strong subjects, while the 
lightest probably also have higher skeletal and 
the heaviest higher fatty components. 

The graphically evident differences in degree of 
conformity with the expectable curve between 
press, snatch, and clean-and-jerk scores can be 
explained by the progressive increase in the sig- 
nificance of factors other than strength. 


12. A technique for discovering the major 
dimensions of an organism. C. Loring Brace, 
Harvard University. 


An adequate consideration of all the major 
dimensions of an animal—human or non-human 
—requires the examination of a large number of 
measurements and their inter-relations. The 
number of coefficients of correlation between all 
of the measurements necessary to describe an 
aspect of an organism even crudely is so great 
that interpretation becomes difficult. When the 
measurements necessary to describe several as- 
pects are all considered at once, adequate inter- 
pretation of the resulting number of coefficients 
of correlation is effectively impossible. Factor 
analysis and the use of high speed electronic 
computers can bring such an approach within 
the realm of possibility. This paper reports on a 
study where use is being made of the technique 
described. 


13. Fat accumulation and growth status in 
childhood. Stanley M. Garn and Joan A. Haskell, 
Fels Research Institute, Yellow Springs, Ohio. 


As part of continuing studies of the biological 
implications of fatness at various developmental 
levels, the thickness of the lower-thoracic fat 
shadow was compared with length and bone age 
in children and adolescents. Fat and length were 
positively correlated from 1.5 years on, reaching 
a maximum in preadolescence, then dropping 
below the 5% confidence level. Fat and bone age 
(Greulich and Pyle) were significantly correlated 
in both sexes at 8.5-9.5 years (girls, 0.41; boys, 
0.35) and at 12.5-13.5 years (girls, 0.45; boys, 
0.26). The use of partial correlations to correct 
for secular trends did not appreciably alter the 
results. It was concluded that greater fatness was 
linearly associated with increased size and ac- 
celerated maturation from infancy through adoles- 
cence. In extreme cases, the fat-related develop- 
mental acceleration was equivalent to two years 
of normal growth. 


PROCEEDINGS 


14. Subcutaneous tissue in adolescent females. 
Edward I. Fry, Department of Anthropology, Uni- 
versity of Nebraska. 

There are few prior studies on the amount and 
distribution of subcutaneous tissue in adolescent 

females. A specially designed gown enabled this 
elusive group of subjects to be studied. 

The Harpenden caliper was used to measure 
subcutaneous tissue on the abdomen, back, upper 
arm and lower arm of 257 females 18 to 21 years 
_of age. The statistics calculated include measure- 
| ments of central tendency and the 5th, 25th, 75th 
and 95th percentiles. Correlation coefficients of 
» some of these dimensions were also calculated. 

The relationship between the Harpenden caliper 
measurements of subcutaneous tissue and those 
'from dissection are discussed. 


15. Extraction and concentration of ABO(H) 
» substances from human bone. Margery P. Gray, 
| Department of Anthropology, University of Wis- 
consin. 


' ABO(H) types of human bone established by 
absorption of anti-A and anti-B with ground bone 
are subject to considerable skepticism. Inhibition 
of agglutination may result from an antigen- 
antibody combination but it also may result from 
/ chemical denaturation due to soil minerals, bac- 
terial contamination or adsorption of proteins to 
the bone particles. The presence of water insol- 
‘uble forms of blood group polysaccharides in the 
)} organs and tissues of non-secretors and secretors 
alike has been well established. The present paper 
describes a method for isolating a fraction from 
‘human bone containing blood group activity free 
‘of interfering substances. 
. A bone sample (15 to 20 grams) is thoroughly 
} washed in distilled water and decalcified with 
‘either 10% versene or EDTA. While the weight 
tof sample needed is considerable, it is not neces- 
}sary to sacrifice bones needed for measurement. 
Rib or scapula fragments are just as satisfactory 
-as vertebrae or long bones. It is not necessary to 
Lseparate cancellous from cortical tissue. The 
decalcified bone is mashed, washed and digested 
[with pepsin. The resulting digest is first cleared 
by filtration, then dialyzed against distilled water, 
and finally fractionated by gradual addition of 
| acetone. Precipitates obtained by addition of not 
‘more than 2.5 volumes of acetone contain any 
) blood group activity. The dried fractions are dis- 
Iisolved in saline and tested for inhibitory activity 
against anti-A and B. 
) Three lots of immune anti-A and two lots of 
}immune anti-B have been produced in chickens 
jby inoculation with active fractions obtained 
#from human bone. 
4 Supported by National Science Foundation 
#(G3923) and the Wisconsin Alumni Research 
}Foundation. 


) 16. Stability of bone collagen: I, Fossil pro- 
titeins. Todd M. Schuster, James N. Spuhler, Uni- 
iversity of Michigan, and Fred P. Thieme, Uni- 
ersity of Washington. 


4 Fossil bones of various ages were subjected to 
chemical analysis to ascertain the stability of the 
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constituent protein. Certain peptides appear to 
be regularly present indicating a non-random 
polymeric decomposition. The reaction kinetics of 
this process are discussed in terms of the primary, 
secondary, and tertiary structures of protein. The 
use of this and related amino acid compositional 
data is discussed with an eye toward possible 
age determinations and phylogenetic studies. 


17. Mating types in the ABO blood system: 
Their association with fertility level. Jack Kelso, 
University of Colorado. 


This paper presents the results of analyses de- 
signed to test the association between fertility 
level and certain classes of ABO mating types. 
The results are based on 158 married pairs 
selected at random from the resident adult popu- 
lation of Ann Arbor, Michigan. These subjects 
were selected as participants in the Assortive 
Mating Study. 

The first problem to be approached may be 
stated in the form of a question: Are spouses 
who are phenotypically the same for the ABO 
characteristic associated with a higher or lower 
fertility level than might be expected on the basis 
of chance? The results of a chi-square test indi- 
cated that there was a significantly large asso- 
ciation, and that the homogamous pairs were 
substantially less fertile than the heterogamous 
pairs. 

Since certain types of heterogamous matings 
are suspected to be heterospecific, that is, affected 
by maternal-fetal serological incompatibilities, a 
further question arose: Among the heterogamous 
pairs, are there significant differences between 
heterospecific and homospecific matings? In the 
testing of this hypothesis, no siginficant asso- 
ciation between fertility level and the two types 
of heterogamous matings was obtained. 

One further procedure was applied to the data: 
The determination of average fertility for each of 
the three mating types (homogamous, homo- 
specific and heterogamous heterospecific). Rank- 
ing these averages indicates that the homogamous 
marriages are the least fertile, the heterogamous 
heterospecific intermediate, and the heterogamous 
homospecific showed the highest average fertility. 

These results are consistent with the proposition 
that the heterozygote enjoys some selective advan- 
tage, since the heterogamous matings can be 
expected to produce a higher proportion of hetero- 
zygous offspring than the homogamous matings. 


18. The bloodgroups, abnormal hemoglobins, 
and hemoglobin values of pregnant women in 
Liberia. Frank B. Livingstone, Department of 
Human Genetics, University of Michigan. 


Data are presented on the blood groups, ab- 
normal hemoglobins, and hemoglobin values of 
pregnant women attending the antenatal clinic of 
the Lutheran Mission Hospital, Zorzor, Liberia. 
The frequencies of the ABO and MN blood group 
genes among the pregnant women of the Kpelle 
and Loma tribes, who constitute the great major- 
ity of the sample, are not significantly different 
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from a control sample of these tribes. There is, 
however, among the pregnant women a decrease 
in the number of MN heterozygotes, which is sig- 
nificantly different at the 1% level from the num- 
ber expected in a Hardy-Weinberg equilibrium. 
The frequency of Rh—(dd) phenotypes among 
the Kpelle and Loma pregnant women was 18%, 
while it was 3% among the control sample, a 
difference which is significant at the 0.1% level. 
Two explanations for the increase in Rh— pheno- 
types among the pregnant women are offered. 


19. Ripples in a gene-pool: the shifting fre- 
quencies of blood-type alleles among the Hupa 
Indians. Frederick S. Hulse, University of Arizona. 


The distribution of allelic frequencies at the 
ABO, RH, MN and Duffy loci among the inhabi- 
tants of the Hupa Reservation in California are 
presented and examined. Differences between the 
several tribal groups and between the different 
generations are analyzed. A reconstruction of 
aboriginal gene-frequencies for the Hupa, Yurok, 
and Karok tribes is attempted, and gene-frequency 
comparisons made to the gene-frequencies of 
other Indian tribes of western North America. It 
is noted that shifts in gene-frequency at the ABO 
and BH loci are taking place, for the most part 
because of the arrival of newcomers to the Reser- 
vation. An attempt is made to elucidate the 
sources and the course of admixture through the 
years, not only by this analysis but also by pre- 
sentation of certain family lines. The way in 
which assortive mating has delayed the attain- 
ment of genetic balance is illustrated, but it also 
is shown that a restabilized gene-pool is coming 
into existence. 


20. Blood group gene distribution in Eskimos: 
A possible blood group selective factor. B. Chown, 
M. Lewis, H. Kaita and J. Hildes, University of 
Manitoba, Winnipeg. 


An analysis of published and unpublished blood 
group gene frequencies suggests, on the basis of 
the genes B, Re, N, Ns, that the Eskimo popula- 
tion centering around Hudson Bay may differ 
genetically from Eskimo elsewhere and may pos- 
sibly represent a residuum of the Dorset people. 
On the other hand, a new observation suggests 
that the gene r (cde) may have selective value 
against pulmonary tuberculosis or chronic pul- 
monary disease. If such selection exists, it may 
invalidate some anthropologic conclusions based 
on blood group gene frequencies. 


* 91. The blood groups of the Kutchin Indians 
at Old Crow, Yukon Territory. M. Lewis, J. Hildes, 
H. Kaita and B. Chown, University of Manitoba, 
Winnipeg. 


A study of the blood groups of the 114 Kutchin 
Indians living at Old Crow, Yukon Territory was 
made in the fall of 1958. At the same time a 
detailed genealogy through 5 generations was 
drawn up, and cousin matings were found to be 
not uncommon. The gene frequencies for the 92 
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apparent pure-bloods were as follows: ABO sysk 
tem, O 1.0000; MNSs system, MS 0.1895, Ms 
0.5931, NS 0.0876, Ns 0.1298; P system, P; 0.1595) 
P.+p 0.8405; Rh system, CDe+Cde 0.2066) 
cDE+cdE 0.7554, cde+cDe 0.0326, CDE+Cd 
0.0054; Kell system, k> 1.0000. Other blood 
groupings carried out were: Duffy system 
Fy(a+) 1.0000; Diego system, Di(a—) 1.0000 
Yt(a+) 1.0000; Lewis system Le(a-+ ) 0.0543} 
Le(a—) 0.9457; Mi(a— ), Mg— and V—, 1.0000) 
The addition of White genes as detected in the 
remaining 22 individuals introduces B, and in 
creases the frequencies for N, S, Pi, CDe+Cd 
and cde+cDe, and increases the ratio of Le(a+] 
to Le(a—). 


22. Blood groups of Alaskan Eskimos ané 
Indians. F. H. Allen, Jr. (Boston), P. A. Corcoran 
(Boston), A. C. Allison (London) and B. Sj 
Blumberg (Washington). | 


During the course of field work in Alaska inj 
the summer of 1958 (Blumberg and Allison)) 
blood specimens were collected from Eskimo 
and Indians for blood grouping and other investii 
gations. The samples were flown to Boston, where} 
the blood typings were performed (Corcoran and 
Allen). Two hundred and forty-one Eskimo ieee 


and 285 Indian bloods were tested. Reagent 
used were antibodies against blood factors A, Ai} 
B, H, C, C%, c, D, E, Ev, e, f, G, rhi, M, N, S, M84 
Mi’, Vw, K, k, Kp’, Kp», Fy, Jk*, P, Le*, Le®# 
Lu?, Di?, Wr?, Be?, Vel, and Js. | 

The most interesting finding was the near abs 
sence of factor Di? amongst the Indians, only 1 
of the 285 being Di(a+). Among the 24 
Eskimos, 2 were Di(a+), the first Di(a+ 
Eskimos so far encountered. (Chown and Lewis 
have tested large numbers of Eskimos withow 


Chippewas (Lewis, Chown et al.), 6% in Penobt 
scots (Allen et al.), up to 35% in South American 
Indians (Layrisse et al.). Di(a+) has beer 
found in only 1 European, he being the husbanet 
of a woman who was discovered to be sensitizec 
to Di* through pregnancy. Colburne et al. have 
suggested that the frequency of Di? may be rez 
lated to the time of its dispersal from some cente 
of Mongoloid evolution. There is also the pat 
sibility that the gene is related to cold adaptation 


23. Anti-H specificities of blood in the newt 
born. Charlotte M. Otten, University of Min, 
nesota. 


A Several anti-H phytagglutinins (lectins) were 
investigated in their reactions to newborn blooc 
group O cells. It was found that these agglutinins 
fell sharply into two classes: those which aggliu- 
tinated infant O erythrocytes to a level of re# 
activity comparable to that exhibited by adult 
cells, and those which agglutinated infant celle 
very weakly or not at all. The adult serological 
pattern was attained, in the latter case, at six ta 
ten months of age. 


PROCEEDINGS 


It was found that the former group of reagents 


(Laburnum alpinum, Laburnum  anagyroides, 


i 
| 
| 
| 
| 
. 


i 
: 


Ulex europaeus, Cytisus sessilifolius) were in- 
hibited by salicin (according to Krupe), but not 
by l-fucose. L-fucose and closely related sugars, 
on the other hand, inhibited those agglutinins 
which had little effect on cord O cells (Lotus 
tetragonolobatus). Watkins and Morgan (’52) 
had noted this in regard to eel anti-H, which has 
a specificity closely approximating that of Lotus. 

Several specificities of anti-H had been postu- 
lated before by the above authors, of which com- 
monly-utilized plant agglutinins apparently repre- 
sent two classes. It is suggested, therefore, that 
representatives of both classes be used in ag- 
glutination and inhibition studies. Inconsistencies 


| appeared in using two such reagents in studies on 


saliva and meconium inhibition. (Abstract sup- 
plied in December, 1960.) 


24. Key areas and key species in problems of 
distribution of African monkeys. N. C. Tappen, 
Department of Anatomy, Emory University. 


A recently completed study of the distribution 
and adaptation of the African monkeys reveals 
many striking irregularities of locality. In some 
cases these are readily related to the kind of 
habitat favored by the animals; many others do 
not suggest simple causes. There are problems 
of presence or absence of species in restricted 
localities and in great geographical regions. The 
solutions of some of the problems should contrib- 
ute to the climatic and geological history of the 
continent. Distributional peculiarities may be sig- 
nificant in understanding the differentiation of 
African monkeys and the evolution of the pri- 
mate order. A few of the key species are dis- 
cussed in order to bring some idea of the range 
of the problems: Erythrocebus patas, Cercopithe- 
cus aethiops, Papio doguera, Cercopithecus mitis, 
Cercopithecus Vhoesti, Cercopithecus preussi, 
Cercopithecus diana,'Cercopithecus dryas, Cerco- 
cebus galeritus, and Cercocebus albigena. Alter- 
native hypotheses of the relative times and places 
of origin of some of these species are offered. 
They are related to information about the broad 
classification of vegetational zones where different 
species are found, but much more detailed studies 
of monkey ecology are needed. Some territories 
where such studies may be particularly valuable 
are indicated. 


25. Observations on the opposability of the 
primate thumb. Warren G. Kinzey, Department 
of Anthropology, University of Chicago. 


The opposability of the thumb has long been 
considered a primate characteristic, although the 
differences in this ability among the living pri- 
mates have not been systematically studied. In 
order to study the behavioral differences in pollex 
opposition representatives of 18 genera of pri- 
mates (including nearly all families) were ob- 
served and cinematographed in standardized 
grasping situations. Particular attention was given 
to the manner of opposition of the thumb. 

The following general tendencies are noted 
among the primate groups. The “power grip” 
(Napier, 56) is found among all primates stud- 
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ied, although in some (e.g., Pithecia, Cacajao) 
there is no counter-pressure applied by the thumb. 
The “precision grip” utilizing the flexor aspects of 
the fingers and the opposing thumb, easily seen 
in the grasping of a small object (e.g., a sun- 
flower seed) is most commonly seen in the ar- 
boreal Cercopithecus monkeys. This is generally 
modified by the more ground dwelling macaques 
and baboons so that the thumb is “opposed” to 
the radial side of the fore-finger. Although this 
difference is apparent in these standardized 
situations, the latter animals may often be seen 
to utilize a fine precision grip with an “opposed” 
thumb when grooming. 

Among the apes the “opposed” thumb is rarely 
observed in the gibbon or the orang and much less 
frequently than might be expected in the chimpan- 
zee and the gorilla. Since the degree of rotation 
between the transverse axes of the thumb and 
forefinger is greater on the average in the apes 
than in man, the grasping- behavior of the anthro- 
poid apes appears to reflect habitual use of their 
hands in movements (such as brachiation) in 
which the thumb is not opposed. 

Supported by a grant from the Ford Foundation 
to Dr. S. L. Washburn for the study of the evolu- 
tion of human behavior. 

The author gratefully acknowledges the use of 
facilities at Chicago Zoological Park, Brookfield, 
Illinois, and Lincoln Park Zoo, Chicago, Illinois. 


26. Human gait, hip joint, and evolution. J. 
Lawrence Angel, The Daniel Baugh Institute of ; 
Anatomy of the Jefferson Medical College. 


Neanderthal man, prehistoric Greeks, other hill 
peoples show ankle facets, tibial retroversion, 
femoral antetorsion with gwider joint motion plus 
flatter shafts and bone markings from stronger’ 
glutei and quadriceps muscles compared. with 
modern -urbanites. The human hip joint, usually 
overlooked, has tremendous ilio-femoral ligament 
and zona orbicularis which tightly screw the 
femoral head into its socket before 15 degrees of 
extension past vertical. Rapid descent of steep 
slopes throws the driving femur into extension 
with a little abduction and external rotation and 
hence stresses the anterO-superior area of femoral 
neck. Sharpness of zona links significantly with 
degree of crescentic plaque (Poirier’s empreinte ) 
developed here. But 30% to 50% of prehistoric 
Greek females and children (and 10% of males) 
show an inflammatory erosion fossa (Allen’s 
fossa) penetrating cortex, an extreme reaction to 
downhill bent-knee gait starting before complete 
ossification. Fossae or plaques correlate poorly 
with other items: great individual flexibility in 
gait. 

Evolution of human bipedal gait produced back- 
ward bending in ilium and in lumbar areas 
(Weidenreich et al.) cephalad from the hip be- 
cause ligament design (plus muscle placement 
around acetabulum) limited extension backward 
of the femur. Ligament tightness in extension 
(plus knee collateral ligaments behind line of 
weight-bearing) allows a muscle-less standing at 
ease posture. Ligament tightness in gait tends 
to promote pelvic tilt, lordosis, and femoral neck 
fracture in aging individuals. 
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Supported by N.I.H. Grant A-224 and continua- 
tions (and by Guggenheim, Wenner-Gren, and 
American Philosophical Society fellowships). 


27. Race, society and nonsense: The American 
White as a race. L. Estel, Ohio State University, 
Columbus. (Read by title.) 


28. An index of the breeding isolation of com- 
munities: Peru. Gabriel W. Lasker, Department 
of Anatomy, Wayne State University, Detroit. 


In a census of persons born in a community, 
the listings of birthplaces of parents permit the 
calculation of an immigration rate in the gen- 
etic sense for the previous generation. Such a 
parental immigration rate automatically weights 
the individuals for differences in fertility; parents 
of more than one surviving child in the com- 
munity will be recounted for each additional 
child. 

Sample censuses of 5 towns in a strip of the 
North Peruvian coastal plain yield parental im- 
migration rates of 13 to 29%. This may be com- 
pared with recent immigration (16 to 45% ), with 
data from birth registries of various dates during 
the last 50 years (10-51%) and for different 
types of community such as open country, 
campina, and plantation, hacienda (22-78% ). 

The index of breeding isolation, the product 
of the immigration rate multiplied by the size 
of the effective breeding population, would not 
be as low as 50 anywhere in the whole zone 
under study. On theoretical grounds one can 
postulate that an index of isolation below 50 
would be required for appreciable local differ- 
entiation by random or natural selection. For 
the last two generations, however, even the peas- 
ant communities studied in every instance mani- 
fest breeding patterns which favor racial amal- 
gamation. 


29. The Batutsi, the Bahutu and the Batwa 
of Ruanda Urundi. Lawrence Oschinsky, National 
Museum of Canada. 


The Batutsi, the Bahutu and the Batwa inhabit 
the mandated territory of Ruanda Urundi on the 
eastern border of the Congo Republic. They are 
in a sense socio-economic castes of a tribe which 
might be referred to as the Banyaruanda. The 
Batutsi are cattle owning aristrocrats, the Bahutu, 
agricultural serfs and the Batwa are hunters. 
Morphologically the groups are quite distinct. 
The Batutsi are tall, narrow nosed, narrow faced 
Negroids showing evidence of previous Caucasoid 
admixture, the Bahutu are intermediate in stature 
and have broader noses and faces, and the Batwa 
represent a local variant of Congo pygmy racial 
type. In the ABO, Rh and MN blood group dis- 
tributions the Batutsi and the Bahutu are similar. 
In sickle cell distribution the Batutsi and Batwa 
have low percentages while the Bahutu of Ruanda 
have 5.2% and the Bahutu of Urundi have 11.8%. 

The morphometric data of the 3 groups show 
clear and distinct differences between them. The 
blood group data show little difference between 
them, whereas the sickle cell data lump the tall 
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hamitomorphic Batutsi with the pygmy Batwa. | 
It is apparent that monogenetic serological fac- | 


tors because of genetic drift, mutation, selection, 


and hybridization have limited value in racial | 
(Abstract supplied in Nov. | 


taxonomic analysis. 
1960.) 


30. Race, language and culture in aboriginal l 


North America. G. K. Neumann, Indiana Univer- 
sity. 
(No abstract.) 


Si, 
New World aborigines. 
Department of Anthropology, 
Michigan. 


Body weight, climate, and nutrition in 
Marshall T. Newman, 
University of 


The correlation between mean coldest month || 


temperature of locality and mean body weight in 
55 adult male native American series is highly 
significant at —0.717. Since mean stature shows 


a similar temperature correlation of —0.537 and if 


is also strongly related to weight at +0.819, the 
regression of weight per unit stature on tempera- 
ture is: 
(temperature) — 75.99. The standard deviation is 


2.93 kg. For a given series, weight thus calcu- | 


lated affords a practical measure of actual weight 
excess or deficiency on an average basis. 
In the series used here, the greatest differences 


between calculated and observed weights are 1.4 | 


to 2.4 times the standard deviation, suggesting 


that factors other than the body mass-temperature | 
Of these in | 


relationship are strongly operative. 
10 series, the Copper-W. Hudson Bay, S. W. Green- 
land, and Aleut (average at a mean of 40.8 years) 
are the heaviest Eskimo for their statures and 
ambient temperatures; with those from St. Law- 


rence Island and the Alaskan Arctic Slope the | 
lightest. For 44 Indian series the heaviest viewed | 


this way are the dietarily acculturated Arizona 
Papago and Chilean Mapuche, and the Tucano 
of the Upper Rio Negro, while the lightest are 
the Navaho and Zuni. Contrary to their reputedly 
indifferent nutritional status, most Mexican and 
Middle American Indians are not significantly 
deficient in weight for their low statures. In fact, 
all 7 lowland Maya series are somewhat heavy, 
and only the very poorly nourished Trique of 
Oaxaca and the Huastec and one Nahua (Chico- 
namel) series from Vera Cruz show weight de- 
ficiencies over one S.D. 

Of the factors making for significant weight 
excesses or deficiencies, the most important is 
probably nutritional status. But in most cases 


special studies are needed to differentiate the | 


direct influence of diet from other determinants 


such as health and disease, workload, age, and 


genetic body build. 


32. Racial taxonomy and cold adaptation. . 
Paul T. Baker, Department of Sociology and An- | 


thropology, The Pennsylvania State University. 


Racial classificatory systems of man are pres- 
ently based on a combination of anatomical and 
serological characteristics. Although these sys- 
tems strive to determine the genetic distances be- 


Weight = — 0.8633 (stature) —0.0839 | 
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' tween groups of men by use of a number of 
, known and assumed genes, they fail to implement 
_ the extant knowledge from a third parameter of 
‘human characteristics: function. ~ Genetically 
directed function or specifically physiological 
mechanisms are highly susceptible to post-con- 
' ception environmental modification. This fact 
probably led recent physical anthropologists to 
| neglect this important area, but modern work 
| shows the inheritance of function to be at least 
. as clear as the inheritance of anatomical struc- 
' ture. Furthermore, a knowledge of function pro- 
' vides the necessary link between the biology and 
culture of man. 

In this paper, the mechanisms of physiological 
cold adaptation are discussed in relation to the 
environment of the group and how such mecha- 
'nisms could serve in racial classification. The 
evidence now suggests that there may be at least 
three different mechanisms which serve to en- 
‘hance performance, depending on the nature of 
i the cold environment. The first, an extreme re- 
/ duction in peripheral blood flow during sleep, 
/ permits the maintenance of essential core tem- 
perature without a large increase in metabolism. 
| Thus, individuals may sleep nude in cold tempera- 
_tures above freezing. Second, the deposition of 
| heavy subcutaneous fat layers which permit the 
‘individual to survive nude in temperatures which 
are continuously cold but above freezing. Third, 
an alternating vasoconstriction-vasodilation of 
blood vessels in the extremities when the limb 
jis exposed to cold. This mechanism may reduce 
| frostbite incidence when clothed individuals oper- 
fate in an environment below freezing. These 
mechanisms vary appropriately in their presence 
} and intensity among groups of men from different 
/ climatic and cultural backgrounds, and seem only 
partially susceptible to the effect of the lifetime 
fenvironment. 


33. Neanderthal footprints and possible evi- 
.A. C. Blanc, University of Rome. 


(No abstract.) 


) 34. The form of the pubic bone in Shanidar I 
and Shanidar III. T. D. Stewart, Division of 
Physical Anthropology, U.S. National Museum, 
Washington, D.C. 


| In describing the pelves of the Mount Carmel 
fremains McCown and Keith (’39) _ stated 
/“. . . in the total assemblage of characters we 
pmeet with a larger proportion of Neanderthal 
features than are met with in any modern race 
of Neanthropic man. That is true of all the speci- 
mens from the Skhil cave, but the woman 
&8(Tabun I) from the Tabiin cave presents an al- 
mtogether peculiar pelvic picture. Her pelvis differs 
mot only from those of the Skihl people but 
presents features, particularly in the conforma- 
tion of her pubic bones, which have not been 
met before, either in living or in fossil man... 
e cannot think that her pelvic features are 
fimerely a manifestation of individual variation; 
hey seem too sharply defined for that. The pelvic 
features force upon us a need for hesitation in 
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regarding this remarkable woman from the Tabin 
cave as a mere variant of the Skhil type” (pp. 
71-72). In view of this statement the Shanidar 
pubic bones are of great interest. Pubic bones 
do not exist for any other Neanderthals. 

The features in question consist of a thinning 
and lengthening of the superior ramus of the 
pubis and of a resultant great enlargement of the 
obturator foramen. Exactly the same thing oc- 
curs in Shanidar I, presumably a male. Also, a 
fragment of the superior ramus from Shanidar 
III (male?) shows the same peculiar thinning. 
By contrast the pubic bones of the Skhil speci- 
mens (IV and IX) are very different and essen- 
tially modern. These facts taken together with 
the contrast in skull forms (Skhil: progressive; 
Tabtin-Shanidar: conservative), suggest that 
Skhil is not a hybrid between a hypothetical 
Homo sapiens and a Neanderthal but rather an 
actual forerunner of modern man; and that 
Tabun-Shanidar is a true Neanderthal—a side 
line in human evolution. 


35. Indirect evidence of the primitiveness of 
the Swanscombe skull. T. D. Stewart, Division of 
Physical Anthropology, U.S. National Museum, 
Washington, D.C. 


The fact that Le Gros Clark and Morant in 
their original descriptions (’38) of the Swans- 
combe occipital and parietal bones were unable 
to find clear distinctions with Homo sapiens pro- 
vided a basis for the view that the modern skull 
form has a great antiquity. Although few phys- 
ical anthropologists now believe that Swanscombe 
is an “ancient modern,” the recent change in 
viewpoint is due to considerations other than 
morphological. 

It would appear that no one has noted the 
presence in Swanscombe of the occipital portion 
of a prominent masto-occipital ridge. The masto- 
occipital suture occupies the crest of this ridge. 
Such a feature is characteristic of Neanderthals, 
being associated in that group with a large di- 
gastric fossa and a diminutive mastoid process. 
This point will be illustrated by a drawing of the 
Swanscombe occipital bone oriented with the fora- 
men magnum horizontal and by similar drawings 
of Shanidar I, La Ferrassie and Homo sapiens. 
This is convincing evidence that Swanscombe had 
a mastoid structure similar to the Neanderthals. 
If it was indeed the case, then the supraorbital 
ridges of Swanscombe could hardly have been of 
the modern form, as Montagu argued from the 
fit of the Wallbrook frontal, because reduced 
supraorbital ridges usually go with enlarged mas- 
toids and reduced masto-occipital ridges. Thus, 
to paraphrase Morant, “... the missing parts of 
the Swanscombe skull probably were so formed 
as to provide clear evidence of differentiation 
from modern man.” 


36. On phylogenetic aspects of the human 
brain. C. R. Noback, Department of Anatomy, 
Columbia University, College of Physicians and 
Surgeons, New York. 


(Read by title.) 
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37. The dentition of the Magdalenean female 
from Cap Blanc, France. A. A. Dahlberg and 
V. Carbonell, University of Chicago. 


The dentition of the young female skeleton of 
the Upper Paleolithic from Cap Blanc, Dordogne, 
France, which is in the collection of the Chicago 
Natural History Museum, stands out in sharp 
contrast to other forms, notably the Mongoloid 
and the Neanderthaloid. This supports the con- 
tention of later workers that the Magdalenean 
peoples were not related to the Eskimo as had 
one time been suggested. The dentition shows 
evidence of particular trends towards reduction in 
size and form of the teeth and in some of their 
parts. The left lower third molar is missing, 
congenitally, the teeth are small, the hypocones 
of the upper molars are reduced, there are no 
protostylids or Carabelli’s cusps, and the tooth 
surfaces are smooth with no evidence of wrin- 
kling, even in their early phases following erup- 
tion. There is no evidence of shovel-shaping, the 
pulp chambers and roots are small, hyposodont. 
The advanced patterns of the lower molar oc- 
clusal surfaces of Y5, +4, +4 range from the 
first to the third molars. The teeth are worn less 
than might be expected for a person of this age 
in this environment. (Abstract supplied in Nov., 
60). 


38. A preliminary genetic analysis of shape in 
the human anterior dentition. Renée M. Menegaz- 
Bock, Department of Anatomy, University of 
North Carolina and A. A. Dahlberg, Zoller Me- 
morial Dental Clinic and the Department of 
Anthropology, University of Chicago. 


The purpose of this study is to objectify and 
to quantify certain traits of the anterior dentition 
of Pima Indian which appear to show familial 
similarities. A suggestive intial study based on 
measured depth of shovel-shaping showed highly 
significant between-family variation relative to 
within-family variation, even when general size 
was controlled by analysis of covariance (F2,35 
=90530))- 

The following 11 incisor traits are also useful 
in the description of familial characteristics: 
Anterior mesio-distal curvature, 
Posterior mesio-distal curvature, 
Anterior apico-incisal curvature, 
Posterior apico-incisal curvature, 
Lingual ridge height in the bucco-lingual 
direction, 

Lingual ridge placement (incisally, 
gingivally, full length; parallel, converg- 
ing, diverging), 

Buccal edge shape and placement, 
Buccal lateral ridges, 

Cingulum characteristics, 

Mesio-distal length, 

Bucco-lingual width at the level of the 
measured section, i., at the point of 
the deepest part of the ridge and fossa 
formation. 

Traits 1, 2, 5, 7, 8, 10 and 11 are measured on 
enlarged photographs of horizontal cross-sections 
of casts of the incisors; traits 3, 4, 6 and 9 are 
categorized from observations on whole casts. 
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Correlation analysis on 5 measures taken on} 
the horizontal cross-sections shows the traits to t 
be relatively uncorrelated, and the intra-familial 
correlation to be rather high. In particular,) 
lingual ridge height and posterior curvature ap-. 
pear to be independent. This complexity of the | 
shovel shape trait may account for part of the 
difficulty in working out a mechanism of inheri- 
tance. 

An example of the heuristic value of gross 
observations is the occurrence in one family of) 
a high degree of anterior mesio-distal and apico- 
incisal curvature in the grandmother which is} 
reflected in all her daughters and very little in 
her sons. In the same family, a woman marrying 
in apparently is the dominant influence in the 
lesser anterior curvature and deeper shovel shap- 
ing of the incisors of her children when they are. 
compared to the incisors of their father. 

Supported in part by USPHS Grant No. D165. 


39. Mesial-labial ridging in incisor teeth. 
Richard G. Snyder, University of Arizona. 


A previously undescribed morphological char- 
acter is reported upon which has been observed 
on the labial surface of incisor teeth. In line 
with the taxonomic nomenclature of Hrdlitka 
(720) of “shovel-shape,” and Dahlberg (747) of 
“double shovel-shape,” such teeth could be de- 
scribed as “three-quarter double shovel-shape.” 
This trait was observed to be present in a large 
population of prehistoric Arizona Indians. Inci-» 
dence of this character in various groups may be 
of value in comparative odontological population | 
studies. 


* 40. Interrelationships in tooth formation.) 
Demarest L. Polacheck, Stanley M. Garn and) 
Arthur B. Lewis, Fels Research Institute, Yellow’ 
Springs, Ohio. | 

This study is concerned with the extent tal 
which the mandibular molar and premolar teeth | 
are consistent in developmental status during} 
growth, and the extent to which they reflect: 
variations in sexual and somatic development. | 

Tooth calcification stages (beginning calcifica-: | 
tion, crown-completion/root-formation, and apical | 
closure) were moderately correlated, with a mean, 
combined-sex r of 0.47 for 19 stages of 5 teeth. | 
Correlations between calcification stages and size, , 
weight and bone age were low, averaging 0. 15) 
for 8 combined-sex correlations. 

Tooth eruption stages (alveolar eruption, attaiaiil 
ment of the occlusal level) were positively cor-} 
related, with a mean r (computed from z-trans- 
forms) of 0.56 for 8 stages of 4 teeth. Correla-- 
tions between tooth eruption stages and sexual | 
maturation (menarche) were of a moderate order, , 
averaging 0.43. 

In summation, calcification of the teeth within 
the jaws, and movement of the teeth through the : 
jaws and gums appear to be separate, partially / 
autonomous phenomena. 

Supported in part by United States Public 
Health Service Grant M-1260. | 
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41. Bioassay and growth: A developmental 
analysis of the mandibular central incisors. E. A. 
Fanning and E. E. Hunt, Jr., Forsyth Dental 
Infirmary for Children, Boston. 


An “attainment curve” represents the percent- 
ages of children at a given range of ages who 
are at or beyond a stage of somatic development. 
Where percentages are expressed as probits and 
ages as the logarithms of age from conception, 
attainment curves are often linear. Within a 
tissue, lines for successions of stages are then 
parallel, if the stages are completely irreversible. 
The slope of such a line of parallel succession 
is the standard deviation of the time of attain- 
ment in units of log conceptional age. 

This mathematical model is formally similar 
to a bioassay where probits depict the percentages 
of responding organisms to a drug or other stim- 
ulus whose dosages are plotted on a log scale. 
The logarithmic increase of dosage is thereby 
multiplicative, or increasing at a constant per- 
centage rate per unit of length of the log axis. 
By analogy, perhaps trophic stimuli or hormones 
in children also increase multiplicatively, so that 
attainment curves are true dosage responses, and 
tissue growth is then “nature’s bioassay.” 

In a longitudinal study of incisor development 
in 100-220 Boston children, three systems of 
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parallel attainment lines were found. Within 
each system, boys and girls were parallel. One 
pattern was the line describing the clinical emerg- 
ence of the deciduous mandibular central incisor. 
Its standard deviation was intermediate. Most 
variable was the system characterizing the sub- 
sequent stages of root resorption of this tooth. 
Least variable was a system for the exfoliation of 
this tooth and for all developmental stages of its 
permanent successor (calcification of crown and 
root, emergence from the alveolus, and clinical 
emergence ). 

These findings seem to indicate three multi- 
plicatively increasing trophic stimuli in a popula- 
tion of growing children. One, with a moderate 
rate of multiplicative increase, presumably trig- 
gers the onset of calcification of the deciduous 
mandibular central incisor, and if deciduous cal- 
cification and emergence show the same parallel- 
ism as do these events in permanent teeth, this 
trophic stimulus may begin its work early in the 
fetal period. Far slower is the stimulus triggering 
root resorption in middle childhood. A rapidly 
accumulating stimulus, however, controls the de- 
velopmental history of the permanent mandibular 
central incisor, and apparently also the closely 
related exfoliation of its deciduous predecessor. 

Supported by Research Grant D-743 (Dental), 
National Institutes of Health. 
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